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ABSTRACT

Decades of steel production and coking in the community of Sydney, Nova
Scotia, have led to severe environmental insult. Increased amounts of air pollution from
Sydney Steel Corporation and toxic emissions from the Muggah Creek Watershed have
been well documented in several studies of the area since the 1960s. This research
examines the potential impacts of exposure to hazardous waste on the reproductive health
of women living in Cape Breton Regional Municipality through the following objectives:
i) to assess the spatial pattern of various types of adverse reproductive events, plausibly
linked to the environmental exposure of interest; ii) to determine if this pattern is related
to proximity to the Tar Ponds/Coke Ovens site. To address the first objective, point
pattern analysis was applied to observations from the Atlee Perinatal Database to
determine if the observed pattern exhibited any clustering. To address the second
objective, a multinomial logistic regression model was employed to determine if
proximity to the Tar Ponds/Coke Ovens site was an important covariate of the adverse
outcomes under study (preterm births, low birthweights, congenital anomalies and
stillbirths). The results of the bivariate K-function indicated that there was weak global
clustering for preterm births for two different time periods, while the ratio kernel
estimates demonstrated that the patterns of the outcomes were non-random even after
correcting for the underlying population distribution. The results of the multinomial
logistic model demonstrated that variables pertaining to maternal characteristics,
pregnancy history, current pregnancy maternal diagnoses, neonatal measures were

important explanatory variables in the analysis. Place of residence was an important

il



explanatory variable for preterm births and congenital anomalies. However, due to

various limitations these results must be interpreted with caution.

iv
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CHAPTER ONE

INTRODUCTION

1.1 The Research Problem

Decades of steel production and coking in the community of Sydney, Nova
Scotia, have led to severe environmental insult. Increased amounts of air pollution from
Sydney Steel Corporation ((SYSCO), see Appendix I for all acronyms used throughout
this thesis)) and toxic emissions from the Muggah Creek Watershed (commonly referred
to as the Sydney Tar Ponds) have been well documented in several studies of the area
since the 1960s (as cited in Guernsey ef al., 2000). The closure of the Coke Ovens has led
to a decrease in air pollution; however, toxic materials remain in the Tar Ponds (as cited
in Guernsey et al., 2000). With over 700 000 tonnes of sediments contaminated with
polyaromatic hydrocarbons (PAH’s), polychlorinated biphenyls (PCB’s), heavy metals,
and volatile organochlorines (VOC’s) in the watershed, the Sydney Tar Ponds/Coke
Ovens site is considered one of the most contaminated sites in Canada (Environment
Canada, 1999).

The role of the physical environment as a determinant of health is a major concern
reported by both the public and policy makers (Elliott et al., 2001). There have been a
few studies to date that suggest that the environment may have had a health impact in
Sydney and the surrounding area, in particular with respect to cancer (Mao et al., 1985;
Band and Camus, 1998; Veugelers ef al., 1999a and 1999b; Geurnsey et al., 2000). It is
also known that human reproductive health is intrinsically related to the environment, and

is sensitive to adverse conditions (Mersereau et al, 1999; DeWals, 1999). Adverse
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reproductive outcomes result from one or several defects occurring in a complex
developmental process that is determined genetically and influenced by the environment
(DeWals, 1999). This research will attempt to explore the link between the contamination
in the vicinity of the Tar Ponds and reproductive health of women in Sydney, Nova

Scotia and the surrounding area.

1.2 Research Context

This thesis is one component of a larger programme designed to explore the
impacts of the contamination in the Muggah Creek Watershed on reproductive and
psychosocial health of Sydney residents. The research team is trans-disciplinary and

employs mixed methods to address the following four components:

i Investigating the incidence of abnormal early-pregnancy outcomes;

il. Assessing exposure to environmental contaminants as indicated by body
burden;

iii, Investigating residents’ risk perceptions of and psycho-social responses to
environmental threats to reproductive (and other) health; and

iv. Using spatio-temporal analysis within a Geographic Information System

(GIS) to assess interactions and influences of the resultant factors on
individual and community health.

This work falls under the umbrella of the fourth part of the research programme. Using
data from a Provincial population-based database, this thesis describes the analysis and
results of reproductive outcomes for women who reside in Cape Breton Regional

Municipality (CBRM).

1.3  Research Objectives
Specifically, the goal of this research is to determine if the reproductive health of

women in the Sydney area has been compromised due to environmental exposure from
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living in the vicinity of the Sydney Tar Ponds. This goal will be addressed through the

following objectives:

i To assess the spatial pattern of various types of adverse reproductive
events, plausibly linked to the environmental exposure of interest;

il. To determine if this pattern is related to proximity to the Tar Ponds/Coke
Ovens site.

Meeting these objectives will contribute to the existing body of literature surrounding the
relationship between environmental exposures and reproductive health. Initially, this
research was to be presented to the Health Studies Working Group (HWSG) of the Joint
Action Group (JAG) in Sydney. This committee comprised of local residents, business
people, politicians and youth was formed in 1996 with the goal of remediating the
Watershed (JAG, 2003). However, this group has since been disbanded. The results of
this thesis will still be made available to the individuals that have subsequently taken
their place. Through dissemination of the results in this manner, the research team will
help Sydney residents to develop an understanding of the possible relationship between

the environment in the watershed and reproductive health within their community.

1.4  Contributions Of This Research

In most studies revolving around industrial sources of pollution and reproductive
health, researchers have found mixed results. Some studies point to an association
between environment and adverse reproductive outcomes while others do not.
Methodologically, this research will contribute to the existing body of literature in several
ways. First, the use of spatial analysis to determine if adverse outcomes tend to cluster in

the Sydney area, specifically around the Tar Ponds/Coke Ovens site, is unique to the area.
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Studies of this nature have never been conducted in Sydney and the results of this phase
of the analysis will help in gaining insight to the problem and add to the body of literature
surrounding health effects of the area. In addition methodological improvements will be
made to some of the spatial analytic tools available, particularly to the methods proposed
by Reader (2001). A second contribution lies in the type of modeling used in this
research. The statistical modeling employed in this analysis is categorical in nature,
specifically making use of multinomial logistic regression (MNL) models. While models
of this type have been employed in studies dealing with discrete choices for the type of
reproductive health care sought after (Glei and Goldman, 2000), it has never been applied
in studies dealing with reproductive health outcomes and the environment, so this work
will add to the current body of literature (both for reproductive studies, and for
environment and health studies where the range of possible outcomes may be
multinomial in nature).

Substantively, the analysis will help to elucidate the impact of industrial sources
of pollution on the reproductive health of women in Sydney, and research of this type
forms a component of JAG’s site assessment process. This thesis describes the first
attempt at employing spatial analysis to assess patterns of adverse reproductive outcomes
in Sydney. In addition, it is one of the few studies that use spatial analysis as a tool to
answer questions about reproductive health, rather than using reproductive health data to
demonstrate the utility of a newly devised method. Traditionally, there have been two
bodies of researchers investigating the use of spatial analysis in health. The first group is

researchers with questions relating to health, and has a sense that GIS and spatial analysis
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will help them in answering their questions, but may not have the capability to employ
these methods effectively. The second group are primarily statisticians or methodologists
who find health data useful to demonstrate a new method, but have little knowledge of
health and health frameworks. This research attempts to bridge the gap between the two
groups by being able to couple spatial analysis with informed decisions based on the

environment and health literature.

1.5 Chapter Outline

The next chapter begins with a discussion of the theoretical context of this study.
Included in this is a discussion on reproductive health and the environment with
subsections devoted to possible biological pathways, and the selection of health outcomes
for study. This is followed by a critical appraisal of past investigations of reproductive
health impacts of community exposure to industrial pollution. The chapter concludes
with a discussion on the use of GIS and spatial analysis in health and reproductive health
research.

Chapter three discusses the methods applied in the thesis. The study area is
described and includes key flashpoints in Sydney’s industrial history. This is followed by
a discussion on data sources and limitations of the Provincial database that is employed in
the analysis. Following this, the various analytic tools used to assess point patterns
arising from inhomogeneous populations are discussed. This is followed by the
categorical data analysis employed in this research.

Chapters four and five present the research findings. The results of the point

pattern analysis are presented in chapter four. Chapter five presents the findings of the
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biv.ariate and multivariate analysis performed on the population database used to
investigate the impact that distance from the Tar Ponds has on reproductive health in
Sydney and the surrounding area.

In chapter six, the major findings are reviewed and followed by a discussion of
the major contributions made by this research. The thesis is concluded with

recommendations for future research.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

The continuously evolving interaction between humans and the environment has
produced a mixture of beneficial and harmful products. While industrialization has
produced a large variety of goods in mass quantities, it has also produced the largest
number of environmental risk factors in the history of the human race. Indeed,
humankind has introduced several elements into the environment that either pollute or
modify environmental conditions with resulting negative impacts on diverse aspects of
the ecosystem, including human health. In some instances, the environmental impacts are
fairly constant over long periods of time (e.g. chronic exposure to air pollution), while in
other cases impacts are rapid (e.g. environmental disasters). Bajaj et al., (1993) illustrate
how three environmental disasters may have adversely affected reproductive health. They
discuss the release of methyl mercury into the Minimata Bay area in Kyushu, Japan in
1955, the release of methyl isocyanate as a result of the Union Carbide accident in
Bhopal, India in 1984, and the contamination of cooking oil in Taiwan with PCBs in
1979. As a result of each of these accidents, increases in various negative reproductive
outcomes were reported ranging from increases in spontaneous abortions to Congenital
Minimata disease, which does not manifest itself until the infant is approximately 6
months of age (Bajaj et al.,, 1993). While it may be possible to establish a link between
health and the environment as a result of an industrial accident, it is much more complex

to assess the impact of chronic exposure to toxic chemicals that are produced in everyday
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industrial processes. A great deal of current environment and health research has
centered on studies with weak associations such as the impact of air pollution on
respiratory health, where small relative risks have been found to be statistically
significant (e.g. Burnett et al., 1995, Delfino ef al,, 1997). 1t is in these studies where
weak associations are examined that the limitations of the science involved are most
pronounced.

Currently, there are over 60000 chemicals in commercial use, but toxicological
information is only available for very few of these. For example the Agency for Toxic
Substances and Disease Registry (ATSDR) has developed toxicological profiles on only
269 substances (ATSDR, 2003). Sullivan (1993) states that there are even fewer
reproductive toxicological profiles completed. This chapter reviews the literature
pertaining to the reproductive health impacts of chronic exposure to industrial pollution.
In reviewing this literature, a brief discussion on environment and reproductive health
will be covered, including definitions and possible biological pathways for adverse
reproductive events to occur. This will be followed by a review of empirical studies
across a range of exposures and reproductive outcomes. Also included in this chapter is a
brief overview of the application of GIS and spatial analysis in health and reproductive

health research.

2.2 Health and the Environment
Geography is the study of the earth as the home of humankind and as such it is
primarily interested in the areal variation of physical and human phenomena on the

surface of the earth (Fellmann et al., 2001). A key characteristic of the discipline is the
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study of the environment. Initially, research involving the environment was related to
hazards. It has since broadened and as Negro-Vilar (1993) states:

“Environment represents the totality of physical, chemical, biological,

behavioural and socioeconomic factors or conditions that constitute the

external milieu surrounding the human organism” (p. 59)

Health, defined by the World Health Organization (WHO), is “a state of complete
physical, mental and social well-being and not merely the absence of disease or
infirmity” (WHO, 1948). This definition was expanded in 1986 and is now defined as:

“...not only the absence of disease, but also the extent to which an

individual or group is able, on the one hand, to realize aspirations and

satisfy needs, and on the other, to change or cope with the environment”

(WHO, 1986)

Gatrell (2002) adds that health can be thought of as “being physically and mentally fit
and capable of functioning effectively for the good of the wider society” (see Elliott,
1999 for a review of the evolution of health).

The health of a population is multi-factorial in nature. An important factor is that
of status. Evans (1994) makes the astute observation that “top people live longer” and
are generally healthier. He illustrates that individuals who are economically well off, and
higher on the social ladder tend to be healthier than those below them. In addition to this,
there is a gradient observed in health through the social classes from the top to the
bottom. A recent report from Health Canada confirmed this by providing evidence that
as one goes up each “rung on the income ladder” Canadians have improved health, less
sickness and longer life expectancies (Health Canada, 1999). This report went on to table

several items in what it lists as the determinants of population health in Canada. Among

these are: income and social status; social support networks; education and literacy;
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employment and working conditions; social environments; physical environments;
personal health practices and coping skills; healthy child development; biology and
genetic endowment; health services; gender; and finally, culture (Health Canada, 1999).
Each of these determinants is important on their own, but as Evans and Stoddart (1990)
point out, they are all inter-related. As an example, Health Canada (1999) describes the
trend seen with low birth weight (LBW) babies and maternal income. The effect occurs
not just for the most disadvantaged group. As mothers move up the income scale, they
have babies with higher birth weights on average than those below them. This means that
problems are not just a result of poor maternal nutrition or poor health practices
associated with poverty. Factors such as coping, empowerment, status and future
orientation all come in to play.

The idea that health and geography (and environment) are linked is not new and
as Gatrell (2002) points out, the two are inextricably linked. Whether it is accessibility to
different health care options, or proximity to a point source of pollution, location is
important. Medical geography is the branch of human geography that deals with the
geographic aspects of health (status) and healthcare (systems). It seeks to improve our
understanding of the various factors that affect the health of populations and individuals.
A related discipline of medical geography, spatial epidemiology, is concerned with
examining the distribution of disease and death at various geographic scales, in an
attempt to determine if the presence or absence of a particular illness is associated with

some factor(s) in the social or physical environment.

10
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The combination of environment and health is also intimately related to medical
geography. Agius (2001) defines environmental health as:

“...comprising those aspects of human health, including quality of life,

that are determined by physical, chemical, biological, social and

psychosocial factors in the environment. It also refers to the theory and

practice of assessing, correcting, controlling and preventing those factors

in the environment that can potentially affect adversely the health of

present and future generations.”

This research is rooted in both spatial epidemiology and environmental health to examine
reproductive health outcomes in the area of Sydney, Nova Scotia.

Michal et al. (1993) defines reproductive health as a “condition in which the
reproductive process is accomplished in a state of complete physical, mental and social
well-being”. Similar to the definition of health, this entails more than absence of disease
or disorders associated with the reproductive process. Savitz and Harlow (1991) point
out that successful reproduction involves several components. These include:

“the biologic processes of the male and female that yield viable sperm and

a viable egg; the social and biologic interactions between the male and

female that yield a viable conceptus; the biologic process within the

mother and fetus that result in appropriate growth and development of the

fetus; and the processes that ensure successful parturition” (p. 159)

The disruption of any of these processes can interfere with reproduction and
consequently, multiple effects may be seen.

As mentioned previously, there is a great deal of evidence to suggest that one of
the factors that may influence reproductive health is socio-economic status (SES) or
social class. Evans (1994) discusses social status or hierarchies in the context of

mortality, however the same ideas may apply to reproductive health. In fact, Vrijheid et

al. (2000) explore this idea in examining the incidence of congenital anomalies. Using a

11
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deprivation index, they found that the most deprived quintile of the index had a 40%
higher risk of non-chromosomal congenital anomaly than the most affluent quintile after
adjustment for confounding factors. In addition, they found that a gradient of increasing
risk with increasing deprivation existed for neural tube defects (Vrijheid et al, 2000).
Stephansson et al. (2001) found a similar gradient when evaluating the risk in stillbirth in
Sweden using occupational class (i.e., unskilled blue-collar workers, skilled blue-collar
workers, low-level white collar workers and high-level white collar workers) as opposed
to a deprivation index.

The idea that SES has an impact on reproductive health is not new (see Leon,
1991; Pattenden ef al., 1999 for example) as most studies attempt to control for it in some
way (for example, Vrijheid et al., 2000). In fact, if one examines epidemiological studies
on any of the adverse outcomes of pregnancy, a major factor that is common to many of
them is the influence of parents’ SES. Sullivan (1993) notes that poorer members of the
population have the worst outcomes; however, SES alone cannot account for any adverse
effect in pregnancy but may be a surrogate for other factors critical in affecting
development. Michal et al (1993) suggest that SES is a surrogate for poor housing
conditions, living in deprived areas (associated with poor hygiene, inadequate supply of
good water, lower quality of indoor air, higher level of exposure to pollutants and
infections), malnutrition, limited access to health care, social drug use (alcohol and
smoking) and educational status of the mother.

In terms of other determinants associated with adverse reproduction, stress, or the

in-ability to cope with it is an important factor. This is due to the fact that a prolonged
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stress response can result in a variety of forms of physiological damage. In fact, stress
has been found to induce infertility in males and early pregnancy failure in females
(Negro-Vilar, 1993). Michal et al. (1993) point out that stress is one of the major
contributors to adverse reproductive outcomes along with infection, malnutrition,
chemicals and radiation.

When examining Sydney, Nova Scotia and the surrounding area of CBRM, many
of the causal factors highlighted by Evans (1994) are at play. Rainham (2002) describes
the area as “a culturally rich, but economically poor and government-dependent
community”. Once the steel factory ceased operations in 1999 (see Chapter 3 for more
details on the study site and the industrial history of the area), all prospects of
maintaining economic independence in the community were lost (Rainham, 2002).
When comparing this area to the rest of the Province of Nova Scotia, it can be seen that
the average unemployment is greater (22.5% in CBRM versus 13.3% in Nova Scotia), the
dwelling values are lower ($63700 versus $86500) and the number of individuals with
lower educational levels are greater (15.4% versus 12.6% of residents with less than
grade 9 education) (Statistics Canada, 1996a).

Rainham (2002) points out that there is large body of evidence that links the steel
industry with a variety of respiratory disorders, cancers and other impairments. Several
studies have been conducted in the Sydney area examining various health outcomes with
the most attention given to cancer (Mao et al., 1985; Band and Camus, 1998; Veugelers
and Guernsey, 1999a and 1999b; Geurnsey et al, 2000). Veuglers and Guernsey (1999a)

also found increased rates of cardiovascular disease. It is also known that human
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reproductive health is intrinsically related to the environment, and is sensitive to adverse
conditions (Mersereau et al., 1999; DeWals, 1999). Dodds and Seviour (2001) conducted
a study examining the incidence of adverse reproductive outcomes in Sydney and the
surrounding area. Their study suggests higher rates of congenital anomalies among
Sydney residents than in the rest of Nova Scotia. The next section highlights the possible

biological pathways through which this increase in adverse reproductive outcomes may

be brought about.

2.3  Biological Pathways to Adverse Reproductive Health

Health Risk Assessment is the method used to determine the magnitude and
probability of an adverse health effect from exposure to a substance. The first step in
assessing the risk from toxic chemicals involves the selection of the contaminants of
interest (Malachowski, 1995). Results from occupational and animal studies serve as the
basis for identifying chemicals that are potential health hazards to humans. Based on
epidemiological and animal studies, the risk assessments that have occurred involving the
Tar Ponds in Sydney include petroleum hydrocarbons (benzene, toluene, xylene), PAHs,
heavy metals (i.e., lead) and PCBs (JDAC Environment, 2002). Toxicity tests in
experimental animals suggest that the aforementioned contaminants detected in the Tar
Ponds are reproductive toxicants (Sullivan, 1993; Gomez and Mattison, 1995; Foster et
al., 1996). For example, Foster et al. (1996) describe several animal studies conducted by
Health Canada to determine the reproductive toxicity of various congeners of PCBs,
while Sharara et al. (1998) highlight that several studies show fetal loss, malformations

and preterm births in rodents when exposed to PCBs. Birnbaum (1995) shows that
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pregnant women exposed to dioxin-like compounds experience an increase in stillbirths,
while Fein et al. (1984) and Rylander ef al. (2000) have found links between exposure to
PCBs and increased low birth weight. Heavy metals such as lead have been linked to
intrauterine fetal death or preterm delivery (Sharara et al., 1998; Lindbohm, 1992) and
mercury has been linked to birth defects (Myers et al., 1995)

Once the chemicals of interest have been established, the routes of exposure need
to be identified. In Sydney, JDAC Environment (2002) have listed several categories of
individuals that may have been exposed and the circumstances of their potential
exposure. For the Coke Ovens in particular, they report that workers (industrial,
construction and commercial) and off-site residents may have been exposed to chemicals
via incidental ingestion of the soil, incidental dermal contact, and inhalation of vapours
and dust. For the Tar Ponds, they add ingestion of fish as well as incidental contact with
the water found in the Tar Ponds (JDAC, 2002). There are other potential routes of
exposure that are presented in figure 2.1 (modified after Mackay and Webster, 1998).

This figure depicts the major contributors to the poorer environment experienced
by the residents around the Tar Ponds and the typical routes that the pollutants would
enter the body. An argument can be made for exposure through air, water and soil. The
most direct route to the body is through the inhalation of pollutants. The main culprit
historically would have been the Coke Ovens, however these ceased operations in 1988
(see Chapter 3 for more information). The fact that the main polluter is no longer
ope;'ational is a limitation in this study; however, although no longer a direct contributor,

the coking process has left a legacy in its wake through deposition of pollutants in both
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Figure 2.1. Potential exposure pathways in the vicinity of the Sydney Tar Ponds

soil and water. Additionally, De Wals (1999) notes that some agents may persist in the
maternal body and produce an effect long after the exposure has occurred. Recently, the
soils of some residents in the Whitney Pier neighbourhood in Sydney were tested for
elevated arsenic levels by Health Canada (Nova Scotia Department of Health and Cape
Breton District Health Authority, 2001)". The other sources of air pollution include: the
steel mill (operations ceased in 2001); the municipal waste site and the incinerator used to
burn waste. Although not as significant as the coking process, the steel mill would have
contributed to decreased air quality through emissions of particulate matter from blast
furnaces. The municipal waste site, which contributes to the degradation of air quality

through the release of biogas would also have an impact. In fact Goldberg et al. (1995)

! The results of these tests are unavailable to the public. They are accessible only by requesting them from
the owners of the properties where the tests were conducted.
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found elevated levels of low birth weights in residents exposed to biogas in Montreal,
Quebec.

The other two routes of entry to the body are through dermal contact and the
gastrointestinal tract. With respect to dermal contact, three possibilities exist, airborne
deposition, direct contact with soil and direct contact with water. Of these, direct contact
with soil and water are stronger than airborne deposition (Gochfeld, 1995). The
gastrointestinal tract can also be a significant route of entry. The drinking of
contaminated water, and the consumption of contaminated fish have been linked to
increased adverse reproductive outcomes (Butler and Kalasinski, 1989, Colborn et al.,
1993). Although PCBs have been banned long ago, they are persistent in the
environment and they bio-accumulate as they move up the food chain. PCBs are
prevalent in the Tar Ponds and although the fisheries in the area were forced to close in
the early 1990s, it is still conceivable that people consume seafood from the area today (it
is unlikely however, that they drink the water). In addition to the consumption of
seafood, fruits and vegetables from the garden may also provide a route of exposure if not
properly washed before consumption. Although the consumption of fish is the best-
documented route of exposure, there is considerable evidence that PCBs can become
volatile in contaminated bodies of water such as the Tar Ponds (Chiarenzelli et al., 2000)
and wet sediments that surround it (Bushart ez al., 1998; Chiarenzelli ef al., 1996). These
volatile PCBs can then be absorbed through inhalation

Once in the body, environmental exposures to chemicals follow the sequential

pathways of pharmokinetics regarding absorption, transport, metabolic biotransformation,
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tissue distribution, storage and excretion (Bajaj et al., 1993). Savitz and Harlow (1991)
suggest that every component of the reproductive process is susceptible to an exogenous
agent. These agents can alter the reproductive system both directly and indirectly
(Mattison, 1983) and since there is a multifaceted vulnerability to environmental insults
Savitz and Harlow (1991) argue for the examination of multiple end points, as is the case
in this study. The direct action of exogenous agents is through endocrine disruption.
Direct effects occur if a chemical is structurally similar to an endogenous molecule and
becomes capable of entering the reproductive system. Under this scenario, the chemical
may alter normal cellular processes that may result in abnormal tissue growth, function or
death (Savitz and Harlow, 1991). Exposures during the first trimester of pregnancy may
lead to a miscarriage, or a congenital anomaly. Second or third trimester exposures might
produce complications of pregnancy, fetal growth or timing of delivery (Savitz and
Harlow, 1991). The endocrine system is also mentioned by Evans (1994), where he
describes how it and the immune system can be modified by a prolonged stress response.
The implication deduced by Evans (1994) is that individuals at the lower levels of the
social hierarchy are often in more stressful situations and may have depressed immune
and endocrine systems as a result. Once the immune system has been compromised, the
individual becomes more susceptible to environmental insult. It is through the immune
system that reproductive function may be altered indirectly (Mattison, 1983). The
immune system reacts and responds to antigenic exposures and in turn can modulate or
adversely affect reproductive events (Negro-Vilar, 1993). These indirect effects occur if

a chemical requires metabolic conversion within the body before it is capable of exerting
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a toxic effect. Some chemicals may mimic or block natural hormone action, thereby
altering the reproductive process. Therefore, this indicates that toxins that directly affect
the reproductive tissues themselves, but also substances that affect a number of other
tissues, which indirectly regulate or support reproductive function, can impair

reproductive health.

2.4  Selection of Health Outcomes

Toxicological studies usually involving animals would normally help to define the
outcomes chosen for study. However, given that there are very few reproductive
toxicological studies completed (Savitz and Harlow, 1991), epidemiological studies were
used instead to inform the choice of outcomes examined. The existing literature
demonstrates that human reproductive health is very sensitive to adverse environmental
conditions (Savitz and Harlow, 1991, Bajaj et al., 1993, Taskinen, 1993, Hertz-Piccioto
et al., 1996, Sharara ef al., 1998). Sullivan (1993) points out that exposures during the
embryogenesis period in the first trimester may lead to miscarriages, congenital
anomalies or stillbirths. The fetogenesis period (second and third trimester) might be
expected to produce intrauterine growth retardation, preterm birth and complications with
delivery (Sullivan, 1993). Finally, Savitz and Harlow (1991) point out that exposures in
the third trimester may be related to low birth weight and preterm birth.

Based on the observations of Savitz and Harlow (1991) (i.e., every component of
the reproductive process is susceptible to an exogenous agent and as such, that multiple
reproductive end points should be studied), the outcomes selected for study in this thesis

include; stillbirths, congenital anomalies, preterm births and low birth weights. In
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addition, the outcomes selected were in part driven by the need to address the community
concerns regarding human health impacts of the Tar Ponds. As such reproductive
endpoints such as sperm quality, irregular menstrual cycles, infertility and time-to-
pregnancy studies may be more difficult to quantify in a study such as this. In other
words, the outcomes chosen for study have definitions (see Chapter 3 for the standard
clinical definitions applied in the study) that make them easily observable and réliably
recorded in the population based provincial database that stores information on every
pregnancy in the province since 1988.

Prior to the broader research program, of which this thesis is a part, there was one
other reproductive health study conducted in Sydney and the surrounding area (Dodds
and Seviour (2001). This study yielded mixed results and used the aforementioned
population based surveillance database as its source of data. Dodds and Seviour (2001)
examined a range of reproductive health outcomes including congenital anomalies, low
birth weight, preterm birth and intrauterine growth restriction. Although limited by the
ecological study design, their results indicated statistically significant, elevated levels of
congenital anomalies in Sydney versus neighbouring communities. The other outcomes,
although in most respects higher in Sydney versus the surrounding areas, failed to yield
statistically significant results. The authors concluded that since Sydney and the
neighbouring areas shared a similar risk factor and socio-demographic profile, other
factors likely explain the increased rates of congenital anomalies in Sydney. One of the
factors that may set Sydney apart from the neighbouring communities in terms of risk is

that of exposure to the Tar Ponds and the other point sources of pollution in the vicinity.
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Burra (2002) examined some of the same outcomes (low birth weight, preterm births,
stillbirths, congenital anomalies, miscarriage and infertility) in Sydney in a companion
thesis. Using a survey, she conducted a retrospective cross-sectional study consisting of
a sample of 500 women. Her results revealed a relationship between preterm births and
proximity to the Tar Ponds using the straight-line distance from maternal residence to the
Tar Ponds as a proxy for exposure.

The literature surrounding environmental exposure from hazardous industrial
waste, landfills and incinerators and negative reproductive health in other areas has
employed varying study designs, producing varying results. The majority of these studies
involve one point source of pollution, usually in response to community concerns (similar
to the case in Sydney). A brief summary of the literature for the outcomes under study is
presented in the following section.

2.4.1. Low Birth Weight (LBW) and Environmental Exposure

LBW is defined by WHO as a birth weight less than 2500 grams and has been
found to be associated with genetic, demographic, lifestyle and environmental factors
(Kramer, 1987a; Kramer, 1987b; Kramer et al, 1990). Ha et al. (2001) used logistic
regression to study LBW in Seoul, South Korea and found an association with CO, NO2,
SO2 and TSP. The relative risks, though small, proved to be significant when correcting
for gestational age, maternal age, education, parity and infant sex. A major limitation of
the study however is the lack of data on tobacco use and alcohol consumption.
Additionally, there was not a clear point source of pollution so exposure was assigned on

the basis of residential location within an administrative zone with an air monitor
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measuring ambient air quality. Rogers ef al. (2001), Gouveia et al. (2004), and Lin et al.
(2001) also found positive associations with ambient air pollution and LBW. These
studies were all similar in that exposure was based on monitoring sites in zones of
residence. Perera et al. (2003) also found significant increases in LBW from ambient air
pollution, however, their study employed personal monitoring devices to determine the
level of PAHs that each pregnant woman was experiencing in New York City.

Dolk et al. (2000) on the other hand, had clearly defined point sources of
pollution as they examined the impact of coke works in Great Britain on birth weight.
They created zones of 7.5 km around 22 coking facilities and examined the outcomes
within each zone. They conducted their modeling using logistic regression and used
distance to the closest coking facility as the measure of exposure. However, they found
no evidence of an increased risk of LBW with proximity to a facility. Berry and Bove
(1997) on the other hand, found increased odds of LBW (odds ratio (OR) of 5.12 (2.14,
12.27 95% CI)) during periods of peak exposure to volatile organic compounds and
heavy metals from living in proximity to a hazardous waste site in New Jersey. Goldman
et al. (1985), also found significantly elevated ORs among exposed homeowners in the
Love Canal area of Niagara Falls, New York. Baibergenova et al. (2003) tested the
hypothesis that residents in a zip code with a PCB hazardous waste site or a water body
contaminated with PCBs are at an increased risk of giving birth to a LBW baby. Again,
location of residence was used as a proxy for exposure. Using logistic regression and
controlling for maternal age, race, weight, height, education, income, marital status and

smoking, there was still a statistically significant increased risk of giving birth to a male
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LBW baby. Elliott et al. (2001) found small excess riéks of LBW in populations living
near landfills using a geographical comparison of individuals living within 2 kilometers
of a landfill site versus those who do not. Finally, Goldberg et al. (1995) also found
elevated rates of LBW around a landfill site in Montreal. Their study defined the
exposed population in a manner similar to Baibergenova et al. (2003) using postal codes
adjacent to the site.

While several studies point to elevated rates of LBW in areas near contaminated
sites, there are just as many that fail to find any evidence of the impact of these sites on
LBW. As mentioned previously, Dodds and Seviour (2001) failed to find statistically
significant elevated rates between exposed (residing in Sydney) and unexposed (residing
elsewhere). Bhopal et al. (1999) also failed to find any evidence that living close to
major industries led to increases in LBW. Defining exposure by creating three zones (A,
B and C with A being closest to industry and C being furthest) they actually found the
opposite to what they expected (i.e., a reverse gradient existed, where the furthest area
had the highest LBW and the closest had the fewest). Finally using landfills as the
primary point source of pollution, both Fielder ef al. (2000) and Baker et al. (1988) failed
to find any evidence of increased LBW in exposed areas.

2.4.2 Preterm Births and Environmental Exposure

Kramer et al. (1998) describe preterm birth as arguably the most important
maternal and child health problem in developed societies. WHO defines preterm birth as
being born before 37 weeks gestational age or before 259 days (Moutquin, 2003). Three

main conditions explain preterm birth: medically indicated preterm birth, preterm

23



M.A. Thesis — P.F. DeLuca, McMaster University — School of Geography and Geology

premature rupture of membranes (each accounting for approximately 25% of all preterm
births) and spontaneous preterm birth (accounting for approximately 50% of all preterm
births). Currently recognized risk factors for each of these conditions include medical
conditions such as pregnancy-induced hypertension, unstable fetal condition, and
maternal age (all risk factors for medically indicated preterm birth), infection and
disadvantaged populations (preterm premature rupture of membranes) and various
lifestyle factors (spontaneous preterm births) (Kramer, 2003; Moutquin, 2003, ACOG,
2001, Kramer et al., 1998). Recently, the environment has been thought of as another
potential risk factor. Similar to low birth weights, mixed results again appear when
attempting to discern the impact of environment on preterm births.

Yang et al. (2002) found a significant excess of preterm deliveries (OR 1.18
(1.04-1.34 CI) for primiparous women using unconditional multiple logistic regression to
model exposure to petrochemical and petroleum industries. Exposure was based on
residence within three kilometers of a petrochemical complex. Although they found a
significant effect with exposure, they were missing two key confounders, smoking habits
and any meaningful values to assess the mother’s socio-economic status. Berry and Bove
(1997) also report an elevated OR in their retrospective follow-up study in New Jersey,
while Goldberg et al. (1995), Goldman et al. (1985), Kharrazi et al. (1997) and Dodds
and Seviour, (2001) found no elevated rates of preterm birth in their respective studies.
2.4.3. Congenital Anomalies and Environmental Exposure

Major congenital anomalies are defined as a structural abnormality with surgical,

medical or cosmetic importance (Holmes, 1999). Vrijheid et al. (2002a) have found a
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33% increase in the risk of congenital anomalies among residents near hazardous waste
sites in a European collaborative study. As mentioned previously, Dodds and Seviour
(2001) found statistically significant elevated rates of congenital anomalies in Sydney
versus the surrounding communities. Dolk et al. (1998a) conducted a case-control study
and demonstrated elevated ORs for women living within 3 kilometers of a hazardous
waste site for several types of anomalies in Denmark, France, Belgium, Italy and the
United Kingdom. They found that residence within 3 kilometers of a landfill site was
associated with a significantly raised risk of congenital anomaly controlling for maternal
age and socioeconomic status (OR 1.33 (95% CI 1.11-1.59)). They also noted a
consistent decrease in risk with distance away from the sites. In a related study involving
chromosomal congenital anomalies, Vrijheid et al. (2002b) found an OR of 1.41 (1.00-
1.99) using the same methods as Dolk et al. (1998a). Fielder et al. (2000) and Elliott et
al. (2001) found small excess risks of congenital anomalies in populations living near
landfill sites in Great Britain. Finally, Dummer et al. (2003), using a retrospective cohort
study found an increased risk of lethal congenital anomaly around incinerators and
crematoriums in northwest England.

Bhopal et al. (1999) using a geographical comparison design found no evidence
of increased risk from living in close proximity to industrial sources of pollution in
England. Similar to Dolk et al. (1998a), this study used residential proximity to industry
to proxy for exposure. Sosniak et al. (1994), Marshall et al. (1993) and Croen et al.

(1997) also found no association between exposed versus unexposed to hazardous waste
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sites and congenital anomalies using case-control studies and maternal residence as the
exposure measure.
2.44 Stillbirths and Environmental Exposure

A stillbirth occurs when the product of conception is extracted from the mother
without any signs of life. To be considered a stillbirth, the duration of the pregnancy is at
least 20 weeks of gestation, prior to that and the non-viable fetus is considered to be a
miscarriage (Kramer et al., 2002). About one fourth of all stillbirths have unknown
causes and a few studies indicate that pollution may play a role. Several studies relating
to stillbirths have shown little or no elevated levels. The few that have shown an effect
include Dummer et al. (2003), and Landgren (1996). Dummer et al. (2003) found an
increased risk of stillbirths (OR 1.04, 95% CI: 1.01-1.07) for women residing near
crematoriums in Cumbria, England. Landgren (1996) found that the odds ratio of
stillbirths was twice as high in a municipality with the highest arsenic exposure in a
county in southern Sweden.

Dolk et al. (2000) find no evidence of elevated stillbirths in an area with 32 coke
works in England. Bhopal et al. (1999) and Sosniak et al. (1994) also found no evidence
to support a hypothesis that living close to industry may lead to increased levels of
stillbirth.

From this review it can be concluded that there is some evidence from the
literature to suggest a possible association between exposure to industrial waste and

adverse reproductive outcomes. However, as most authors of these papers concluded, it
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is difficult to determine if there is a causal relationship between the exposure and an

increase in adverse reproductive outcomes.

2.5  Spatial Analysis and Health

GISs are being used with increasing frequency to analyze the spatial distribution
of health outcomes (Forand et al, 2002). As mapping and spatial analysis software
become easier to use, public health professionals are increasingly employing these tools
to aid in cluster investigations and disease surveillance. Several authors highlight the
utility of GIS and spatial analysis within the health field (see Gatrell and Senior, 1999;
Higgs and Gould, 2001; Rushton, 2003 for example) and Dunn et al. (2001) point out that
GIS and spatial statistics tend to complement classic epidemiological studies. With
respect to the application of GIS and spatial analysis to reproductive health outcomes, the
literature is sparse. There are several spatial studies that use adverse reproductive health
data, however, the majority of them are authored by methodologists who find utility in
the use of reproductive health data to demonstrate a method. For example, Forand et al.
(2002) use data on congenital anomalies from New York State to examine data quality
issues. They could have just as easily used hospital separations or mortality due to any
condition, however, as previously noted by Dolk (1999) reproductive health data are
continually updated. Rushton and Lolonis (1996) used birth defect data in Iowa to
demonstrate a clustering technique involving simulations. Building on this, Reader
(2001) used data on low birth weights in Florida to demonstrate a method to find

statistically significant clusters of high rates of low birth weights using kernel density
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estimation. As a final example, Kammann and Wand (2003) demonstrate the utility of
geostatistics when dealing with non-linear relationships between response variables and
predictors using low birth weight as an example.

There are comparatively fewer studies that make use of spatial analysis to address
a research question involving adverse reproductive outcomes. Dolk et al. (1998b) and
English ef al. (2003) are two examples where spatial analysis is employed to address
questions of clustering. Dolk (1999) advocates the use of spatial analysis both for the
analysis of disease clusters as well as for disease surveillance. She recognizes that studies
dealing with reproductive outcomes have several advantages over spatial studies
involving chronic diseases such as cancer or heart disease. First, and foremost, births are
finely geo-referenced facilitating disaggregate analysis, a significant improvement over
the aggregate analysis in ecological frameworks. Gatrell ef al. (1996), among others,
demonstrate several techniques that can be used to analyze the spatial properties of data
of this type. The second advantage that Dolk (1999) highlights is that births are
continually updated in databases, therefore providing a proper denominator when
calculating rates of a disease. Finally, when exposure is residential proximity to a
pollutant source, exposure misclassification due to migration is minimized, since the
period between exposure and diagnosis is short (Dolk, 1999). This does not however,
correct the problem for chronic exposure and body burden, which may produce an effect
long after the exposure occurred (De Wals, 1999).

De Wals (1999) highlights the fact that it is difficult to pinpoint a single

environmental cause when analyzing adverse reproductive outcomes, and states that only
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five cluster studies to date have been attributed to a single factor. This suggests that the
majority of clusters are either artifacts or are produced by the accidental congruence of
different and unrelated causes. However, De Wals (1999) does not deny that
environment has an impact, and it is the aim of this work to determine how much of an
impact, if any, it has on reproductive health in Sydney.

A major limitation of all of the mentioned studies in section 2.4, including Dodds
and Seviour (1999) is that they fail to capture the importance of spatial variation. Spatial
variability is important in studies of this nature for various reasons. First, it is essential to
understand how the mean (first order effect) varies through space. There will be
instances where the data may exhibit clusters of events, and conversely, pockets where no
events are occurring, possibly signaling under-reporting of events or some other sort of
bias (Forand et al., 2002). As populations, behaviours, genes and adverse environmental
conditions are not uniformly distributed over space, clusters of adverse reproductive
outcomes can be expected. Second, it is important to understand how the underlying
correlation structure varies through space (second order effect). Since spatial behaviour
is usually a mix of both first and second order effects, it is important to examine each in
this study.

Different forms of spatial analysis are used in this thesis to address the first two
research questions posed in the previous chapter. In so doing, spatial analysis is used for
substantive rather than methodological purposes, thereby further contributing to that body
of literature. In addition, as Dunn et al. (2001) point out, spatial analysis is a useful

complement to epidemiological studies and as such, helps in addressing the third research
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question. Finally, reproductive outcomes in Sydney have been examined previously, but
never from a spatial perspective, so this research will add to that body of literature
surrounding the impact of the Tar Ponds on human health, helping to fulfill one of the

mandates of the Health Studies Working Group of JAG.

2.6 Summary

While the impacts of environmental exposure from an industrial accident on
reproductive health have been demonstrated, the results of epidemiological studies
dealing with low-level exposures over a long period of time have been equivocal at best.
This chapter began with an examination of reproductive health and the environment and
provided the necessary background to establish a link between the environment and the
potential impacts on reproductive health. Most authors agree that environment does have
a role to play in the etiology of adverse reproductive outcomes, although the exact
mechanism of action is still up for debate. This was followed by a section detailing the
biological pathways of the pollutants in the Sydney area. It is conceivable that pollutants
may enter the body through air, ingestion and dermal contact. The primary polluter, the
Coke Ovens, is no longer in operation and this forms a limitation since exposure from
inhalation is probably the most direct route that a contaminant has to enter the body
(Gochfeld, 1995). Taking that into consideration, the amount of contaminants remaining
in and around the Tar Ponds is well documented and may in fact pose a risk through
ingestion, and dermal contact with soils not only on site, but soils in resident’s yards that
may have traces of contaminants through deposition. Inhalation may still play a role

through the volatilization of PCBs and evaporation of surface waters from the Tar Ponds.
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In this thesis, exposure is estimated by proximity to the contaminated site. Although this
is only a proxy for exposure, and a poor one at that, Dolk (1999) highlights that it is the
most frequently applied method to assess exposure and under the circumstances is the
only method available to assess exposure to local residents.

The third section of this chapter reviewed the substantive findings from past
studies of reproductive health impacts of exposure to industrial waste. Studies employing
various designs, varying exposure measures and reproductive health outcomes, produced
equivocal results. From this review it can be concluded that there is some evidence from
the literature to suggest a possible association between exposure to industrial waste and
adverse reproductive outcomes. In this thesis, the relationship between environment and
reproductive health will be explored in a multinomial framework, using different
categories of birth outcomes as the dependent variable. All of the studies reviewed here
examined only one health outcome at a time, with the dependent variable represented in a
binomial form. A review of the literature failed to produce any studies that presented
various reproductive health outcomes in a multinomial framework, so this research will
help to fill in some gaps in the literature.

The final section described the use of spatial analysis in reproductive health
research. To date, reproductive health data has largely been used by methodologists to
illustrate the effectiveness of new methods in spatial analysis, but rarely has it been used
to address a substantive research question. This thesis will use spatial analytical
techniques to address three research questions involving the impact of the environment

on reproductive health in Sydney. This spatial analysis will complement the existing

31



M.A. Thesis — P.F. DeLuca, McMaster University — School of Geography and Geology

studies conducted in the larger research project. In addition, a spatial study has never
been conducted in Sydney; so this is an innovation in that regard, while at the same time
contribute to the literature surrounding the use of spatial analysis with reproductive
health.

The remaining chapters of this thesis describe a spatial study of reproductive
health in Sydney, Nova Scotia. The next chapter presents the methods employed in this

thesis.
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CHAPTER THREE

METHODS

3.1 Introduction

This chapter describes the methods utilized in this thesis to address the research
objectives outlined below. As discussed in chapter one, these research objectives are a
component of part four (iv) of the broader research programme; namely, to apply spatio-
temporal analysis within a GIS to assess the interactions and influences on reproductive
heath in Sydney and the surrounding area. This involves the statistical analysis of a
population — based database to address the following research objectives:

1. To assess the spatial pattern of various types of adverse reproductive

events, plausibly linked to the environmental exposure of interest;

il. To determine if this pattern is related to proximity to the Tar Ponds/Coke

Ovens site.

The next section of this chapter describes the study area and provides some
context for the research. Burra (2002) provides a detailed community profile, and the
aim of this section is not to reproduce those efforts, but rather to set the stage for this
research by describing the industrial history and the point sources of pollution in the area.
This is followed by a section discussing the sources of data used in this study, with
particular attention given to the Atlee Perinatal Database and the steps taken to derive the
outcomes and to geocode the observations. In the fifth section of the chapter, the
statistical analyses applied in this thesis are described in detail. The section is sub-
divided into two broad categories, one covering exploratory spatial data analysis (ESDA),

and the other, categorical data analysis.
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3.2 Study Area

CBRM is one of four counties located on Cape Breton Island in Nova Scotia,
Canada. The majority of CBRM’s residents are located in the north end of the county,
where 6 of the 8 former municipalities can be found (i.e., Sydney, Glace Bay, New
Waterford, Sydney Mines, North Sydney, and Dominion) (Figure 3.1). In 1995, these
entities plus the remainder of Cape Breton County and Louisbourg were amalgamated
into CBRM in order to consolidate resources, and to improve infrastructure and the
provision of municipal services (Burra, 2002). Since amalgamation, CBRM is now the
second most populous municipality in the province next to Halifax, with approximately
109 000 residents occupying a geographic area of approximately 2500 square kilometers
(CBRM, 2003). The largest of the former municipalities is Sydney (approximate
population of 26 000), which is located on the southwest arm of Sydney Harbour and is
approximately central to the other communities that comprise what is known as Industrial
Cape Breton (ICB) (Figure 3.1). Following Guernsey et al., (2000), ICB is comprised of
the major communities (listed previously) surrounding Sydney Harbour.

Industrial activity has a long history in Cape Breton, beginning with the French
mining coal in the Sydney area as early as the 1700s (Burra, 2002). The steel industry,

which has made Sydney famous, began with the construction of the steel plant in 1899 on
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Figure 3.1. Location of Sydney, and other communities in Industrial Cape Breton.

a large plot of land on Sydney Harbour (Harvey, 1971, as cited in Burra, 2002). Full
production began in 1901, with peak outputs during both World Wars (CBCL and CRA
1999, as cited in Burra, 2002). In addition to the steel plant, several allied industries were
built on adjacent lands. At various times throughout the past century, the site was home
to DOMTAR (a coal tar refining plant), a benzol plant, an ammonia sulphate by-products
plant, a sulphuric acid plant, a brick plant, two coal washing facilities, coke and coal
storage areas, and numerous tanks for tar, benzol, and other products of coke production

and of course the coking facilities, just east of the steel plant (Figure 3.2). The two
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bodies of water known as the Tar Ponds were constructed in the 1940s to handle the

overflow of coal tar from the coking operation (Dodds and Seviour, 2001).
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Figure 3.2. Location of point sources of pollution in Sydney.
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In 1967, the steel plant was set for closure, but the provincial government
intervened, and purchased the plant from the Hawker-Siddeley Corporation and renamed
it Sydney Steel Corporation (SYSCO). The steel plant went through several upgrades to
ensure its viability, but by 1988, with the plant not as profitable as it once was, the Coke
Ovens ceased operation. By 2001, SYSCO ceased operation and by September 2002, one
of the most enduring components of the Sydney landscape, the Coke Oven stacks, were
dismantled piece-by-piece (JAG, 2003).

Left in the wake of the steel industry is a legacy of contamination that resulted in
one of the largest industrial waste sites in North America. During operation, there were
elevated levels of pollution in the air, water and soil. The air quality has improved since
the coke ovens closure as indicated by monitoring carried out as part of the current
remediation process (JAG, 2003). However, as various assessments demonstrate,
contamination in the water and the soil remain (for example see JDAC, 2002). Current
estimates have the Tar Ponds containing about 700 000 tons of contaminated sediment.
Included in the sediment are various by-products of the coking process such as: coal tar,
several types of PAHs, PCBs and an assortment of heavy metals. Contributing to the
contamination of the Tar Ponds is a landfill site located on the eastern-most part of the
property (Figure 3.2). Initially a marsh, the steel company used the area as a dump for its
waste. The community soon followed suit, and in 1957, the municipality began using it
as a landfill for residential solid waste. Since that time, an estimated one million tons of
waste have been deposited at the site (JAG, 2003). Leachate from the landfill flows to

the Tar Ponds through the Coke Ovens Brook Connector (Figure 3.2). In addition to
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leachate from the landfill, millions of litres of raw sewage pour into the brook from the
nearby neighbourhoods on a daily basis (JAG, 2003). The combination of chemicals and
raw sewage results in a noxious odour but the contaminants are only harmful to people if
they touch or ingest it (JAG, 2003). There is currently a security fence encircling the
entire Tar Ponds in order to provide some security from the pollution until the

remediation is completed.

3.3  Sources of Data

This section describes the types of data collected for this thesis. The following
Sub-section describes the spatial data collected from various sources. This is followed by
the reproductive health data collected from the Nova Scotia Reproductive Care Program
(RCP). The final part of the chapter describes the census data employed in this research.
3.3.1 Spatial Data

Various types of spatial data were collected for this research. Boundary files and
detailed road networks were collected from the topological map collection created by
Desktop Mapping Technologies (DMTI). The Regional government in Cape Breton
provided the study with a civic address point file that contains geocoded locations for
every household in the municipality. The houses were geocoded by placing a dot over
each home observed in an aerial photograph, thus providing a much more accurate
location of residences than could be attained in a postal code conversion file (PCCF). In
addition to the civic address point file, GIS data were provided for the building footprints
of SYSCO steel, the municipal incinerator, the Tar Ponds, and the landfill, meaning that

all of the major point sources of pollution in that area can be represented spatially on a
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map. In addition, they provided a community boundary map, created by dividing CBRM
into 107 communities. Finally, the HSWG of JAG (see Burra, 2002 for details) provided
shapefiles of pollution plumes for the Coke Ovens and SYSCO constructed through a
dispersion model.
3.3.2 Reproductive Health Data

Reproductive health statistics are routinely collected on a prospective basis by the
RCP of Nova Scotia and are stored in the Atlee Perinatal Database. This database, which
contains population-based data from 1988 onwards, is used for ongoing clinical audit,
peer review, surveillance, and epidemiologic and clinical research. The RCP reports on a
number of variables related to reproductive care and reproductive outcomes including the
prevalence of congenital anomalies and stillbirths within the province, as well as
incidence of low birth weights, and preterm births. Data corresponding to CBRM exist
from as early as 1981, however, it is not population based as different hospitals were
incorporated into the database at different times. For example, Cape Breton Regional
Hospital in Sydney was incorporated into Atlee in 1985 whereas the hospitals in New
Waterford and Glace Bay were incorporated in 1988. Since all observations were
retrieved from the Atlee using a municipality code, it is possible to have records
corresponding to residents of CBRM prior to the incorporation dates of the region’s
hospitals. For some of these observations, women who resided in CBRM were admitted
to a hospital outside of the region that was already incorporated into the Atlee database.
In some cases, these were women with high-risk pregnancies that were sent as far away

as Halifax for treatment/delivery (Fahey, 2003 personal communication).
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For this thesis, 294 variables for 22108 observations, spanning the years 1981 —
2002, were extracted from the Atlee Perinatal Database. Variables collected include
maternal and infant demographics, and information about procedures, interventions,
diagnoses and outcomes for women and newborns. A list of all the variables collected
from the Atlee can be found in Appendix II. From the original list of variables obtained,
several new variables were derived through either adding several existing variables
together, or recoding them into dummy variables.

There are four outcomes of interest in this thesis: stillbirths, congenital anomalies,
preterm births and LBW babies. Since the Atlee only stores records for post-20 week
pregnancies, miscarriages are not included in this analysis since miscarriages occur prior
to 20 weeks of gestation. Weinberg and Wilcox (1998) point out an important fact in
relation to reproductive outcomes. That is many outcomes are not mutually exclusive in
studies of this type. It is possible to have one observation coded as a congenital anomaly,
a preterm birth and LBW. For the methods that will be applied throughout this thesis, it is
important to have mutually exclusive outcomes. According to Wainman (2003, personal
communication) there is a hierarchy that the outcomes follow. In the example above, it is
likely that the congenital anomaly caused the preterm birth, and the fact that the infant
was born prematurely, led to the LBW. In a case such as this, the observation is coded as
a congenital anomaly. The method used for coding the outcomes is as follows. Stillbirths
were derived from the ‘Outcome’ field provided in the Atlee (See Appendix III for a full
list of outcomes). All records coded as ‘FTD’ (fetal death) were coded with a one to

represent stillbirths, all others with a zero for live births.
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With respect to congenital anomalies, all types of anomalies are recorded in the
Atlee. Some of these, however, are not considered significant enough to include in what
is classed as a major or minor anomaly. Typically, the malformations, which are
considered major, are ones where there is an adverse effect on an individual’s health,
functioning or social acceptability (Forand et al, 2002). The variable used for this
research was obtained by summing the major and minor anomaly fields provided, into
one field representing all types of major and minor anomalies. These were also coded as
one for an anomaly and zero for a non-anomaly. Infants with more than one type of
anomaly were coded only once.

Preterm births are defined as a delivery prior to 37 completed weeks of gestation
(Kramer, 2003). The database contains a field for gestational age that was originally
coded as a continuous variable, but was rounded down to the number of full weeks. This
field was recoded by taking all observations with less than 37 weeks of gestation and
equating them to one for all cases, and zero for all deliveries at term (post-dates were not
considered for this research and were treated as term).

LBW is defined as a birth weight that is less than 2500 grams (Kramer, 2003). In
this database, birth weights were originally coded as a continuous variable, however they
were rounded down to the nearest 500 grams for confidentiality purposes, thus becoming
a categorical variable. This means that any observation coded with a birth weight of
2000 grams can be any birth weight in between 2000 grams and 2499 grams. To indicate
whether the observation corresponded to a LBW, any record coded as 2000 grams or less

was recoded into a binary variable for analysis.
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All outcomes were stored in separate fields in the database. Where there were
observations with more than one outcome, the most dominant outcome was retained and
coded as a 1 with the others coded as a 0. The order of importance was as follows:
stillbirths, congenital anomalies, preterm births and LBW. This means that any
observation coded as a LBW, is one where the pregnancy did not result in a stillbirth, a
congenital anomaly or a preterm birth. A normal birth would have a 0 in each of the
fields representing the individual outcomes.

3.3.3 Census Data

Some variables were required from the 1996 Census (Statistics Canada, 1996b)
since there are not any indicators of SES in the Atlee Perinatal Database. SES has been
found to be an important determinant of reproductive health as indicated in the previous
chapter. Further, studies have shown lower SES to be consistently associated with
adverse pregnancy outcomes (for example see Gazmararian et al., 1996, Vrijheid et al.,
2000 and English et al., 2003). To have some indication of SES, five variables were
obtained from the Census and a deprivation score was created. Smith et al. (2001) state
that deprivation scores may be used when a person’s SES has not been or cannot be
collected. The index calculated for this research was constructed in a fashion similar to
the Townsend Index, where material deprivation is measured as the summation of the
standard scores of the five variables collected. It is a relative measure that is used to rank
areas, meaning an area will be either more or less deprived than other areas in CBRM.

The index, initially created for use in the United Kingdom, includes the following

four variables: unemployment (lack of material resources and insecurity), overcrowding
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(material living conditions), lack of owner occupied accommodation (a proxy indicator of
wealth) and lack of car ownership (a proxy indicator of income) (Corporate Information
Services of Devon County, 2003). In Canada, proxies for wealth and income are not
necessary since these variables are routinely collected in the Census. For this research,
the following five variables were used: unemployment, house in state of disrepair
(material living conditions), dwelling value (indicator of stored wealth), median
household income and finally, a variable for educational attainment (women without a
high school diploma). These variables were collected at the enumeration area level and
the index was computed. For enumeration areas with suppressed data, a spatial moving
average using the data from adjacent enumeration areas was applied. To interpret this
index, any positive value indicates that an area is deprived, with larger numbers
indicating that the area is more deprived relative to rest of the enumeration areas within

CBRM. The values were then sorted into deprivation quintiles as in Vrijheid et al.,

(2000) for analysis.

3.4  Geocoding of the Atlee Perinatal Database

All observations in the Atlee Perinatal Database were selected by municipality
codes corresponding to the communities within CBRM. Each observation had address
information attached to it with varying degrees of completeness. Depending on the level
of completeness, different methods of geocoding were applied to come up with x and y
coordinates. For example, if a woman had provided a full address, then the postal code
was used with Statistics Canada PCCF. If, however, no address information was given,

but a place name was (as was the case for many of the observations prior to 1988), then
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the records were geocoded to the centroid of the place. These coordinates were obtained
from a Nova Scotia Gazetteer and coded in-house at IWK Grace Hospital in Halifax,
Nova Scotia. Each geocode was also assigned a code indicating how the coordinates
were derived for each record. Table 3.1 presents the list of codes assigned to each
geocode within the Atlee database.

Table 3.1. Types of geocoding used in the Atlee Perinatal Database

Value Description

0 Somewhere in Nova Scotia (geocoded to the centroid of the province)

1 Urban postal code; unique latitude and longitude

2 Urban postal code; multiple latitude and longitude in small area

3 Urban postal code; unique latitude and longitude probably not equal to

municipal code

Urban postal code; multiple latitude and longitude in a larger area
Urban retired postal pode

Urban retired postal code; multiple latitude and longitude in a small area
Gazetteer

Gazetteer using place name and county

Municipal code

Municipal code (rural)

Rural or dubious postal code

— = \0 00 ~J O\ W b

—_O

The PCCF from Statistics Canada has several limitations (for full details, see
Statistics Canada, 1996c). There are 2 limitations that are particularly relevant for this
database. The first is that several of the postal codes correspond to rural areas, which is
quite problematic since the PCCF will put several events in the same location. The
problem is that any rural postal code covers an area that is quite large and it usually
corresponds to a Post Office Box, which services far-reaching areas (Burra et al., 2002).

The second problem lies in the placement of the geocode within urban areas. In these
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areas, the geocode is placed on the most representative block face within an enumeration
area (Statistics Canada, 1996c, Burra et al., 2002). Although enumeration areas can be
quite small in urban areas, there may still be several different postal codes geocoded to
the same location. If, for example, there are five postal walks within the enumeration
area, all five postal codes for those walks will have identical x and y coordinates. These
coordinates will correspond to the largest, or most representative postal walk within the
enumeration area. For example, in Whitney Pier, there are 37 valid postal codes. When
using the Statistics Canada’s PCCF, only 7 dots are plotted on a map (one per
enumeration in Whitney Pier), meaning that multiple postal codes exist at each location.
To correct this problem, the following algorithm was applied to all records to improve the
geocoding:

1. In order to achieve the highest level of accuracy possible, address geocoding was
attempted by joining the civic address point file provided by CBRM to the records
with full addresses. For any records that fail to match (due to spelling errors,
wrong street types, directions etc.) the original information was retained (i.e., the
postal code and the original x and y coordinates from StatsCan’s PCCF).

2. All records not geocoded in step one but with a valid postal code were geocoded
using the PCCF from DMTI. This value-added PCCF provides much more detail
since DMTI geocodes each postal code to the centroid of each block face as
opposed to the most representative block face within the enumeration area. This
means that each postal walk is now represented spatially. In Whitney Pier, for

example, there are 37 unique pairs of x and y coordinates, one for each of the
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postal walks, as opposed to 7 unique pairs of coordinates in Statistics Canada’s
PCCF. For any records that are not successfully geocoded from DMTI, the
original coordinates were retained.

3. All data not geocoded in the first two steps that only have latitude and longitude
information or a fictitious postal code acting as a placeholder in the database,
were separated from the rest of the records and the coordinate information was
retained. These records correspond to coordinates assigned from the Gazetteer,
and no improvement is possible.

4. All records corresponding to the Eskasoni or Membertou Indian Reserves were
extracted since there is no detailed address information to match each observation
(street names within the reserves are not available to the general public). The
original coordinates were retained.

Once all of the geocoding was completed, all records were merged into one large file, and
all records falling outside of CBRM were removed (n=721) leaving 21387 valid records

for analysis.

3.5 Analytic Methods
This section details the analytic methods employed in this thesis. The first section
outlines the ESDA applied including methods of visualization, exploration and modeling

of marked point patterns. This is followed by the categorical analysis employed in this

research.
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3.5.1 Exploratory Spatial Data Analysis

Spatial analytical techniques for point patterns were applied to the data. While
useful tools when studying reproductive outcomes (Dolk, 1999, Gatrell, 2002), few
reproductive studies using these techniques exist (Rushton and Lolonis, 1995, Dolk ef al.,
1998b, Reader, 2001, Gatrell, 2002) due to the lack of individual level data. Moreover,
point pattern techniques are most useful with a full enumeration of the population rather
than a sample, so the full value of the analysis cannot be attained with data from a cross-
sectional survey (e.g., Burra, 2002). This technique is possible, however, using the Atlee
database given it is population based from 1988 onwards. In the present study, the
reproductive outcomes form a multivariate point pattern, with each type of outcome
being represented spatially in what is known as a marked point pattern. The typical
question asked when dealing with any point pattern is whether it exhibits any form of
clustering or regularity. The usual method to determine this is to compare the observed
pattern(s) to a theoretical pattern of complete spatial randomness (CSR). Under CSR, all
events are distributed independently over the study region and the observed pattern is
compared to the theoretical pattern to determine if there are any departures from
randomness in either direction (i.e., clustering or regularity). As Gatrell et al. (1996)
point out, when studying phenomena related to humans, CSR loses its usefulness. The
reason for this is that it is known a priori that there is built in heterogeneity in the point
pattern due to the underlying population density. It is known that all cases of adverse
reproduction must occur in areas where there is an existing population, so there will

always be a departure away from CSR and towards clustering when studying phenomena
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of this type. It is critical then to correct for the underlying population in any form of
spatial analysis.

The section that follows presents the methods adopted to create and visualize the
point pattern data set. Visualization is always the first step in any form of spatial analysis.
Following this, two advanced exploratory/modeling techniques are presented, where the
underlying population has been accounted for. The aim of this phase of the analysis is to
address the spatial pattern of the outcome data.
3.5.1.1 Visualizing Negative Reproductive Events

Point patterns were created for each outcome under study using the entire
geocoded Atlee database (N=21387) as a starting point. Since the geocodes prior to 1988
were poorer in quality, they were removed for the spatial analysis (n=2254). Additionally
all non-singleton fetuses were removed (n=392), since the prevalence of negative events
is greater among non-singleton births (Forand et al., 2002). Finally all records
corresponding to residents of the Eskasoni community (n=1053) were removed since they
are First Nations (Mi’kmaq). These records had to be removed since they did not have
any detailed geographic information and all observations were coded to the same
location. Additionally, information from the census is not available for First Nations.
From the remaining points (n=17648), dot maps were created for each of the negative
outcomes (see Chapter 4) covering the entire boundary of CBRM. The next section

describes the exploratory analysis that follows visualization.
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3.5.1.2 Bivariate K Functions

The K-function is the best method available to assess the second-order effects in
the dataset and it provides a description of the level of autocorrelation present in the point
pattern. In other words, the K-function seeks to answer the question; does the presence of
a negative reproductive event make it more or less likely that another negative
reproductive event will be found nearby? This statistical method aids in addressing the
first research objective; to assess the spatial pattern of various types of adverse
reproductive events plausibly linked to the environment exposure of interest.

The K-function is defined as the expected number of events within a specified
distance of an arbitrary event. It is calculated via an estimator visiting each event in the
point pattern and counting all events at several spatial lags around the event in question,
as defined by the user (see Bailey and Gatrell, 1995 for a full description). Under the null
hypothesis, there is an absence of second order effects meaning that there is a lack of
spatial autocorrelation (i.e., an absence of clustering). As mentioned previously, given the
heterogeneity present in the spatial distribution of the underlying population, the
expectation is that the K-function will indeed indicate clustering, rendering the null
hypothesis meaningless. The alternate hypothesis of clustering will almost always be
accepted, since the majority of negative reproductive events will be located in the major
population centers, where there is an abundance of total reproductive events. The
interest, then, needs to shift to clustering above and beyond what is expected based on the

existing population distribution.
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Diggle and Chetwynd (1991) have proposed a test based on the K-function that
takes the underlying population into account and addresses the overall global pattern in
the data set. They propose to calculate two separate K-functions, one for the cases, and
one for a representative set of events acting as controls, and to calculate the difference
between them. When the difference is plotted over all spatial lags, it can be determined
where the pattern of cases is more clustered than the pattern of controls. So, for the cases,
the K-function is defined as:

K. (d) = A, 'E[number of additional cases < distance d of a
randomly chosen case] 3.1

where A, is the density of cases and E[.] is the expected value of the expression in the
square brackets (Haining, 2003). The K-function for the controls Ky x(d), is defined in a
similar manner. The bivariate K-function (calculated for the marked point pattern) can

then be stated as:

K. (d) = A "E[number of controls < distance d of a randomly chosen case]. (3.2)

The underlying hypothesis to be tested here is not one of independence, but rather one of
random labeling. Under the random labeling hypothesis, each pattern (cases and
controls) taken separately is considered to be a random “thinning” of the marked point
pattern, which, in this case, is the population. Bailey and Gatrell (1995) point out that K-
functions are invariant under random “thinning”, so under the random labeling hypothesis

it is theoretically expected that:

Keo(d) = Kii(d) = Kei(d). (3.3)
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So the difference between the two K-functions is a sensible test to detect departures from
random labeling. The test statistic, given by Haining (2003) is defined as:

Du(d)= K.(0)- K@ (3.4)
If the distribution of cases is the same as the distribution of controls, the result of
equation 3.4 is zero and is represented graphically as a horizontal line when D, ;s plotted
against distance. Values above zero will be represented graphically as peaks, and
correspond to spatial clustering beyond the background population distribution. To
determine if the peaks are significantly different from horizontal, Diggle and Morris
(1996) suggest applying Monte Carlo simulation to create upper and lower simulation
envelopes. The process used in generating the simulation envelopes is to take the marked
point pattern and randomly assign the cases, where the total number in each simulation is
equal to the total number of cases in the data set. In other words, the point pattern of the
cases from the dataset is combined with the point pattern of the controls to create the
marked point pattern. For each simulation, the locations of all combined events are held
constant, and the cases are randomly assigned such that the new numbers of “cases” are
equal in size to the number of cases in the data set. For each new simulation, the
difference of K-functions is calculated at each distance, and the maximum and minimum
values are retained to create simulation envelopes. If the empirical value of the test
statistic exceeds the maximum simulation envelope for any distance d, this indicates a
clustering of cases at that distance. If the empirical value of the test statistic is less than
the lower simulation envelope, then the presence of a case inhibits the presence of other

cases at distance d.
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This statistic has been applied successfully to cases of childhood leukemia and
lymphoma in North Humberside (Diggle and Chetwynd, 1991), and leukemia in
Lancashire (Gatrell et al., 1996). Two examples dealing with a reproductive outcome
were found. The first was in Gatrell (2002), where this test was applied to congenital
heart malformations in Lancashire and Cumbria, 1985-1994, however, this work has not
been peer-reviewed. The second was in Dolk ez al. (1998b) where the test was applied to
cases of congenital anophthalmia and microphthalmia.

For this research, individual point patterns were created for each of the outcomes
mentioned previously. Controls were selected from all normal live births as coded in the
Atlee database. They were selected by choosing the two normal pregnancies closest in
time to the negative event being examined. This usually corresponded to the normal
pregnancy immediately before and immediately after the negative outcome. Controls are
usually chosen in this fashion to account for seasonality, a possible difference in exposure
over time and the fact that new knowledge and advances in medicine may arise over time.
Dolk et al. (1998b) used three controls for each case in their study, but they did not
describe the selection procedure. Gatrell (2002) however, points out that it is quite
sensible to select the two normal births closest in time to the case to act as controls. If,
for example, a case occurred at the beginning of the time period, it would make little
sense to select two controls that occurred 15 years later. The difference of K-functions
was calculated based on the event and its respective control pattern over a 25 kilometer
radius. Significance was determined using Monte Carlo simulation with 99 simulations

being computed. This statistic was computed for the entire 15-year period (1988-2002) as
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well as for three five-year periods (1988-1992, 1993-1997, 1998-2002). These were used
since it was possible that a signal may have been detected in one of the time periods,
which may not have been detected using the entire 15 years. All calculations were done
using S-Plus 2000 from Insightful Corporation and the Splancs library (Rowlingson and
Diggle, 1994)

3.5.1.3 Ratio of Kernel Estimates

While the difference of K functions is a useful test to assess the overall spatial
pattern of negative reproductive outcomes in CBRM, it does not identify where
individual clusters occur. To determine where clusters might be located, the first-order
effects need to be examined. These effects correspond to a variation in the mean of the
process over the study area. The most effective way to study the first-order effect in this
dataset is through kernel estimation.

For any given point in the study area, kernel estimation provides the number of
events per unit area at that point. Operationally, the intensity or density of the point
pattern is assessed through an estimator visiting several user defined locations on a grid,
and assessing the number of events that fall within the radius of the estimator. The shape
of the estimator can vary, but usually it is based on the quartic kernel. The quartic kernel

(ignoring edge-correction) is given by:

2
h <t T

A(s)= Z;i—z(l —h—f} (3.5)

where 7 is a smoothing parameter known as the bandwidth and 4; is the distance between

the point s and the observed event location s;. The bandwidth is user defined and the
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shape and radius remain fixed as the estimator moves through the grid. There are
extensions to the method that allow the bandwidth to vary, such that the bandwidth is
narrower in high-density areas and wider in less dense areas. In either case, the numbers
of events within the radius are weighted such that the events closer to the origin of the
estimator have more weight than those further away (see Bailey and Gatrell, 1995 for
further details). Forming estimates on a grid is preferable to the more standard ways of
mapping incidence by discrete boundaries since these areas are likely to change over
time, and rates do not drastically change due to a border (Rushton, 2003). As with the K
function, the standard formulation of the kernel is not adequate when dealing with human
phenomena since it is known a priori that clustering will occur in the major population
centers.

Clusters of adverse outcomes were corrected for the underlying population as in
Bailey and Gatrell (1995). Since the phenomena under study are dependent on the
location of humans in space, one would expect to find more negative cases occurring in
areas where there is a larger population and therefore more pregnancies. To account for
this, the underlying population is controlled for through a ratio of kernel estimates using

equation 3.6:

(3.6)

where k() is the quartic kernel, and the edge-correction has been ignored for simplicity

(see Bailey and Gatrell, 1995 for formulation). In a study dealing with the spatial
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distribution of Ontario residents attending McMaster University, Buliung and DeLuca
(2000) have demonstrated marked differences in the patterns that emerge when the
correction is applied. In CBRM, it is well known that most of the population resides in
the former municipalities mentioned earlier in this chapter; hence, the expectation is that
the majority of events occur there as well. For this research, the study area was limited to
a 20-kilometer radius around the Tar Ponds. This distance captures the areas that
comprise ICB, and eliminate much of the rural areas to the south of Sydney, where the
points are sparsely distributed. The numerator of the ratio is generated by the events
(stillbirth (n=100), congenital anomalies (n=748), preterm births (n=1453), and low birth
weights (n=168)). The denominator is a kemel based on either all births (n=16290) or
live births (n=16190) (depending on the outcome under study). This will then show the
population at risk, expressed as events per 1000 births, and how it varies over space.
Again, for this phase of analysis, only data corresponding to years post-1988 were used
since prior years lacked sufficient spatial information.

Several constraints or filters were applied to the estimation process to produce
more reliable results. The first constraint is that all grid cells in the denominator that have
a value of less than one birth per square kilometer were removed. This is essential since
dividing the numerator by a value less than one will greatly inflate the resulting estimate.
Second, all grid cells that fall in the water bodies were eliminated. Third, in the final grid
(the ratio of kernels), all density estimates less than 0.01 were removed. This equates to
10 events per 1000 births. The rationale behind this is that each grid cell in the estimation

will have some value calculated by default. In many cases this value will be 0 or
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something quite small, so to eliminate the background noise, these estimation points are
removed. In all cases, a quartic kernel was applied with a fixed bandwidth of one
kilometer. All calculations were carried out in CrimeStat II (Levine, 2002)

Building on work by Reader (2001), significant clusters were determined using
random labeling and Monte Carlo simulation. In essence, a distribution is generated
through simulation and we compare each grid cell in the observed case to the average of
all simulations. The simulation process is as follows:

1. Using the appropriate set of data, (i.e., either all births, or all live births) there was

a random assignment of cases to » records, where » is the same number as the

outcome under study. This is done under the random labeling hypothesis with the

same rationale as for the bivariate K-function. Using this hypothesis, the
assumption is made that any of the records in the full data set are possible
locations for an adverse outcome to occur.
2. Calculate the ratio of kernel estimates as above for the new point pattern using the
same parameters as for the observed case.
3. Repeat the process 99 times
Upon completion of the simulation process, the observed number of events per 1000
births was compared to the simulated number of events per 1000 births to determine
where there was a statistical difference. Significant differences were determined when the

observed was at least 2 standard deviations away from the mean of the simulations (see

Chapter 4).
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3.5.2 Categorical Data Analysis

The ESDA described in the previous sections are useful for addressing the first
research objective (i.e., to assess spatial patterns). In part, ESDA also helps to address
the second objective in that it can be determined if there is a spatial relationship between
the Tar Ponds/Coke Ovens site and clusters of negative outcomes. To model the impact
of proximity to the Tar Ponds on negative outcomes, as well as to explain the incidence
of the outcomes using the predictors obtained from the Atlee Perinatal Database, more
advanced methods are required. In this thesis, the dependent variable was measured at a
nominal scale; as such, statistical tests requiring the dependent variable to be normally
distributed are not appropriate for the analysis. Analysis was first conducted on a binary
variable representing each negative outcome separately. Following this, analysis was
conducted on all outcomes coded as a multinomial variable. The data used for the
remainder of the analyses was a subset of the Atlee database, and was different from the
set used in the previous sections. For ESDA, in general, all that is required is sufficient
information to correctly identify the outcomes and their location (see section 3.3.2). For
this phase of the analysis, emphasis is not solely based on location. Interest now has
shifted towards being able to identify what gives rise to the negative outcomes explored
in the previous sections.

Similar to the subset used for ESDA, all records falling outside of CBRM were
removed (n=721), as well as all non-singleton births (n=440) and all records
corresponding to Eskasoni (n=1114). In addition to these records being removed, all

observations with missing data for predictors such as smoking (n=823), marital status
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(n=401), gestational age (n=236), and information on previous pregnancies (n=400) were
removed. If information regarding birth weights or gestational age were missing, the
observations were deleted unless they were an anomaly or a stillbirth, in which case they
were coded as such. All observations with a missing maternal identifier were deleted
(n=176) since it was not possible to examine multiple pregnancies from the same woman.
This is important since reproductive outcomes are dependent on reproductive history.
Finally, all records prior to 1988 were eliminated due to the poor accuracy of the spatial
information. From the remaining observations (n=15800), the analysis proceeded using
the full data set and then it was repeated using a data set restricted to observations where
parity was zero, gravidity was one and abortions (spontaneous or induced) were zero
(n=6009). By restricting the analysis to the maternal first pregnancy (primiparity), the
dependence on reproductive history was removed from the analysis (Lin et al,
2001;Yang et al., 2002). Once all of the appropriate records were obtained, frequencies
were run on the maternal identifier field to ensure they were all representing unique
women. Where duplicate records appeared (signaling a coding error for parity, gravidity
and/or abortions) the most recent record was removed, leaving the first pregnancy. The
remainder of this chapter is divided into sections covering the descriptive analysis as well
as the multivariate methods applied to this dataset.
3.5.2.1 Descriptive Analyses of Adverse Reproductive Outcomes

The first phase of the categorical analysis was descriptive in nature. For each of
the outcomes in the analysis, frequencies were calculated (see Chapter 5). This was

followed by bivariate analyses (see chapter 5). The primary method applied in this phase
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was contingency analysis (crosstabulations) and was carried out in SPSS 12 (SPSS,
2004). In conjunction with the contingency analysis, Chi-squares and Odds Ratios were
calculated where appropriate. Contingency analysis was performed first with several
geographical variables derived in a GIS. Several distance bands were created using a
GIS to determine if the odds of having an adverse reproductive outcome increased with
proximity to the Tar Ponds/Coke Ovens site. Distance bands of 0-1, 1-2, and 2-3 Km
were created. In addition, the total distance (i.e., 0-3 Km) was examined. Several studies
have employed this method in the past (see Bhopal et al., 1999 and Dolk et al., 2000 for
example). Contingency analysis was also performed using the outcomes and three zones
as defined by Guernsey et al. (2000). In their work, they were interested in examining
differences between people residing in Sydney, ICB excluding Sydney and then the
remainder of CBRM. Finally, straight-line distance was also examined (as in Dolk et al.,
2000). To determine if there was a significant difference in distance to the site, a paired
t-test (assuming inhomogeneous variances) was applied to each of the adverse outcomes
and the normal births.

Following the contingency analysis with the geographic variables, the same type
of analysis was repeated with the variables obtained/derived from the Atlee Perinatal
Database (see Table 5.2 for a complete list and variable definitions). All significant
associations were then combined for multivariate analysis.
3.5.2.2 Multinomial Logistic Regression Models

When modeling adverse reproductive outcomes, it is important to note that a

pregnancy has several possible outcomes. As such, the problem is inherently
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multinomial in nature, and any modeling could make use of a multinomial dependent
variable reflecting the types of outcomes that may be experienced. The best way to
model a problem of this nature is through a multinomial logistic (MNL) model. In
general, logit models are used to model a relationship between a categorical dependent
variable and one or more independent variables, where the dependent variable comes
from a set of mutually exclusive categories. These methods are used to describe and/or
predict discrete choices of decision-makers, or to classify a discrete outcome according to
a host of regressors (TRB, 2003). In this instance, the dependent variable was the list of
reproductive outcomes described earlier. MNL models are multi-equation models. A
response variable with k categories will generate k-1 equations. In this case, there were
five categories (normal birth, stillbirth, anomaly, preterm birth and LBW), meaning that 4 -
equations were generated. Each of these four equations is a binary logistic regression
comparing a group with the reference group (normal pregnancies). MNL regression
simultaneously estimates the four logits. Further, it is also the case, that the model tests
all possible combinations among the five groups although it only displays coefficients for
the four comparisons.

The most frequent use of this type of modeling in a geographical setting
incorporates a discrete choice framework, whereby the analyst may wish to model the
choice of automobile purchase (from a set of vehicle classes) (Train, 1993), the choice of
travel mode (walk, transit, rail, auto, etc.)(Ben Akiva and Lerman, 1985), or land
development choice (high-density  residential, commercial, suburban,

etc.)(Mohammadian et al., 2002). In this study, there is no decision or choice to be
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made; there is an outcome that is experienced by each individual in the data set and there
are several regressors that will give rise to the outcome that is experienced. With respect
to studies revolving around environment and health, the discrete choice framework is not
common, however, mathematically, choice models and event classification models are
equivalent (TRB, 2003), so it is possible to model reproductive outcomes in this way.
The response variable in this research meets the three assumptions as described by Ben
Akiva and Lerman (1985). The first assumption is that the set of choices or
classifications must be finite. In this case, the universal choice set C contains five
elements (normal births, congenital anomalies, low birth weight, stillbirth and preterm
birth), corresponding to the five broad types of events that may occur post-20 weeks
gestation. The second criterion is that the set of choices or classifications must be
mutually exclusive. That is the case in this research as a birth is classified into one of the
aforementioned discrete categories. The final criterion is that the set of choices or
classifications must be collectively exhaustive. This requirement is met as well, since
any post 20-week pregnancy must result in one the categories mentioned previously.

The results from the contingency analysis were used to MNL regression models to
assess the importance of several risk factors in explaining the occurrence of each of the
negative reproductive outcomes. Models were computed for the full data set as well as
for the subset of primiparity cases. All variables significant at the alpha level of 0.1 were
entered into the model and were included in one block for this analysis. Insignificant
variables (p > 0.05) were eliminated in backward stepwise fashion starting with the

variables with the highest probability levels.
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All models were assessed using the p2 statistic where p2 equals one minus the
ratio of the maximized log likelihood for the fitted and constant only models (Agresti,

1996). Values ranging from 0.2 to 0.4 represent a very good fit of the model (Wrigley,

1985).

3.6 Summary

This chapter described the study design undertaken to meet the research
objectives outlined in section 3.1. A database was obtained from Nova Scotia RCP,
cleaned and geocoded using a variety of approaches to assign spatial information to the
observations (Sections 3.3 and 3.4). The data were then examined using ESDA to assess
whether there was a tendency for like-cases to cluster in Sydney and the surrounding
area. Following this a variety of analytical methods were used to analyze these data

(Section 3.5). The results of these analyses are presented in chapters four and five.
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CHAPTER FOUR

RESULTS OF EXPLORATORY SPATIAL DATA ANALYSIS

4.1  Introduction

This chapter presents the results of the ESDA carried out in this thesis.
Multivariate analyses are discussed in chapter five. In this chapter, ESDA was used to
address the first of the research objectives:

1. To assess the spatial pattern of various types of adverse reproductive
events, plausibly linked to the environmental exposure of interest;

With respect to the first objective, several point patterns were generated (one per negative
outcome) as a result of the geocoding of the Atlee Perinatal Database in order to visualize
the process in CBRM. This was followed by two methods used to explore and model the
spatial pattern. The first method was an extension of the K-function (Bailey and Gatrell,
1995) where the interest was whether an adverse reproductive event was more clustered
than a suitable control. This statistic provides an indication of whether there is global
clustering present in the data. To assess the location of specific clusters, an extension of
kernel estimation with a correction for the underlying population distribution was
applied. These two methods together, aid in assessing the overall spatial pattern, and in
part helped to determine if the observed pattern was related to proximity to the Tar

Ponds/Coke Ovens site.
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4.2  Geocoding and Visualization of Adverse Reproductive Events

This section describes the results of the geocoding process applied to the
observations in the Atlee Database. Following this, dot maps are presented for each of
the outcomes under study.
4.2.1 Geocoding

As mentioned in chapter three, all observations in the Atlee Perinatal Database
were selected by municipality codes corresponding to the communities within CBRM.
Each observation had address information attached to it with varying degrees of
completeness and based on this information, were geocoded in-house at IWK Grace
Hospital in Halifax. Due to the limitations described in chapter three, an algorithm was
applied to improve the accuracy of the geocodes. These steps produced geocodes of four
types. The highest levels of accuracy were attained by address matching the observations
with a civic address point file provided by CBRM. The remaining records that did not
match up with an address were geocoded using a PCCF provided by DMTI Spatial. The
original coordinates from Statistics Canada’s PCCF were retained for any of the
observations that could not be matched in the previous two steps. Table 4.1 shows the
numbers of records successfully geocoded at each step. Observations corresponding to
Eskasoni (n=1093) were separated since there is no detailed road or postal code
information for them. As a result, the original coordinates were retained.

While it may be argued that using different methods to geocode could introduce
an additional form of bias or error, there was no indication that the observations of

primary interest (i.e., the adverse outcomes) were geocoded in a manner systematically

64



M.A. Thesis — P.F. DeLuca, McMaster University — School of Geography and Geology

different from the normal pregnancy outcomes. The only systematic difference in the
geocoding occurred with respect to the year of the observation. However, both normal
and adverse pregnancies had equally poor positional information prior to 1988.

Table 4.1 Results of the Geocoding Process

Type Number of Successful Geocodes Percentage of Data Set (%)
Address Matching 3008 17
PCCF from DMTI 14410 80
Original Coordinates 539 3

Upon completion of the geocoding process, the reproductive events were mapped,
and all records outside of CBRM’s boundaries were removed (n=721). Additionally, all
records prior to 1988 (n=2254) were removed for reasons outlined previously. An
additional 392 cases had to be excluded from consideration since they were non-singleton
births. Finally, 1093 observations pertaining to Eskasoni were eliminated. From the

remaining 17648 observations, dot maps were created to display the locations of the

various adverse outcomes.
4.2.2 Dot Maps

Several dot maps were created once the geocoding was completed. Maps of this
nature proved useful, in that any points that fell outside of CBRM’s boundaries were
identified (n=721) and subsequently removed. Additionally, maps of this type are quite
useful to assess any broad patterns across the study area. Figure 4.1 presents the
distribution of all births in CBRM. From this figure it is noticeable that the majority of

the events occur in the northern portion of the county where the majority of the
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population lies. Specifically, births appear to be most clustered in the areas of ICB. In
addition to these places, there appears to be a large number of events occurring in the
communities immediately surrounding Sydney (i.e., Coxheath, Sydney River and
Westmount). There is also a smaller grouping of events in Louisbourg. Events to the
south of the Sydney area and the rest of ICB are spread throughout the remaining regions,

reflecting the underlying population density of the region.
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Figure 4.1. Distribution of all births in CBRM, 1988-2002 (n=17648).

The distributions of the adverse outcomes (preterm births, congenital anomalies,
LBW and stillbirths) represent subsets of all births, and as such, mimic the pattern of all
births, where the majority of the observations are in ICB. The largest adverse event is

Preterm births (n=1604). The second most prevalent event type is congenital anomalies
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(n=835) and is followed by LBW (n=185) and finally, stillbirths (n=100). All of these

patterns are presented in Figures 4.2 through 4.5 respectively.
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Figure 4.2. Distribution of preterm births in CBRM, 1988-2002.
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Figure 4.3. Distribution of congenital anomalies in CBRM, 1988-2002.
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Figure 4.4. Distribution of LBW in CBRM, 1988-2002.
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Figure 4.5. Distribution of stillbirths in CBRM, 1988-2002.

4.3 Exploration and Modeling of Spatial Point Patterns

The visualization stage of the analysis was useful in that it displayed what
appeared to be clusters of events in the northern part of CBRM. Further, through the use
of dot maps, it was demonstrated that events to the south of Sydney appear to be
dispersed and that many communities lacked events altogether. As a result of the
visualization it was determined that part of the spatial analysis (ratio of kernel estimates)
should be conducted using a 20-KM radius around the tar ponds (since areas to the south
were sparsely populated). This area covered all of the major communities in ICB. Prior
to this step, however, there was a need to determine if there was any clustering on a
global scale in the data set. As mentioned in chapter three, given the heterogeneity

present in the spatial distribution of the underlying population, the expectation is that any
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spatial measure will provide an indication of clustering in a data set dealing with human
phenomena. As a result, the interest is whether there is clustering above and beyond
what is expected based on the underlying population distribution. The test applied to
examine clustering on a global scale was the bivariate K-function.
4.3.1 Bivariate K-Functions

In order to apply the method proposed by Diggle and Chetwynd (1991), two point
patterns were required, a pattern of cases and a pattern of controls. The point patterns
used in the visualization phase of the analysis represent the cases. Controls were selected
from all normal live births as coded in the Atlee database. They were selected by
choosing the two normal pregnancies closest in time to the negative event being
examined. This usually corresponded to the normal pregnancy immediately before and
immediately after the negative outcome. The difference of K-functions was calculated at
25 meter intervals (up to 25 km) based on the event and its respective control pattern.
Significance was determined using Monte Carlo simulation with 99 simulations being
computed. This statistic was computed for the entire 15-year period (1988-2002) as well
as for three five-year intervals (1988-1992, 1993-1997, 1998-2002). Five-year periods
were used as well since it is possible that a signal may be detected in one of the time
periods, which may not be detected using the entire 15 years. The output of this statistic
is graphical in nature, and its interpretation is simple; wherever the observed difference
between the K-function for the cases and the K-function for the controls is greater than
what is expected through simulation (i.e., the observed statistic falls outside of the

simulation envelope), then there is a significant difference between the two patterns.
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Figure 4.6 shows the results of the difference in K-functions for preterm births for the

entire period (1988-2002).
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Figure 4.6. Difference of K-functions for preterm births, 1988-2002.

In figure 4.6 it is evident that the observed statistic (represented by the thick line)
lies between the upper and lower simulation envelopes at all lags, (represented by the
thin lines), although it closely follows the upper simulation envelope from O to
approximately 4 Km. This suggests that the two sets of events, preterm births and
controls, could have come from the same population; meaning that there is no clustering
of preterm births once the underlying population has been controlled for. In other words,
the difference in clustering between the cases and the controls are random rather than

systematic. The graphs for congenital anomalies, LBW and stillbirths all show the same
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result, meaning that in each case, there is no significant difference between K-function
for the cases and the K-function for the controls for the full time period (see Appendix IV
for the graphs).

Each of the outcomes (except stillbirths, due to the small number of cases) were
examined in five year intervals as well. This was done in the event that a signal may
have been present in one of the five-year periods, which may have been negated in the
later years. This is especially relevant in the case of Sydney since the primary source of
exposure, the Coke Ovens, ceased operation in 1988. The first interval spans the years
1988-1992; the second covers the years 1993-1997 and the final interval covers 1998-
2002. Figure 4.7 shows the result for the first time period for preterm births (n=597). The
pattern of the observed is similar to that for the entire period, however, in this case, the
observed is greater than the simulated result from 0 to 5 Km. At these short distances,
there is a significant difference between the observed and the expected signifying
clustering in preterm births beyond the background population. There is also significant
clustering in the second time period (1993-1997, n=519) at two lags, approximately 10
km from an index case, and 20 km from an index case. This can be seen in figure 4.8.

The remaining plot for preterm births (1988-2002, n=488) has a striking feature
that is different from all the others, that is the presence of consistently negative values
(Figure 4.9). Diggle and Morris (1996) describe this as ‘anti-clustering’, but point out
that due to the strong presence of spatial autocorrelation, the trend may be misleading.
The Monte Carlo tests of significance make allowances for autocorrelation, and the

empirical statistics was not statistically significant at any spatial scale.
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Figure 4.7. Difference of K-Functions for preterm births, 1988-1992.
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Figure 4.8. Difference of K-Functions for preterm births, 1993-1997.
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Figure 4.9. Difference of K-Functions for preterm births, 1998-2002.

The plots for the other outcomes for the five-year time periods failed to show any
significant differences between the cases and the controls. These can be found in
Appendix IV.
4.3.2 Ratio of Kernel Estimates

While the difference of K-Functions was a useful test to assess the overall spatial
pattern of negative reproductive outcomes in CBRM, it does not identify where, if any,
individual clusters occur. To determine where clusters might be located, the variation in
the mean of the process was examined using a ratio of kernel estimates. A 1 km
bandwidth was applied to each of the outcomes (in both the numerator and the
denominator) and the results were mapped. Figure 4.10 shows the ratio of kernel
estimates for preterm births for the years 1988-2002. The ratio of the two kernels is an

estimate that measures the number of events per population, rather than events per area.
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In this case, all kernel estimates are mapped as events per 1000 live births. In figure
4.10, all values less than 10 preterm births per 1000 live births were removed (see

Chapter 3) leaving 812 grid cells upon which estimates were formed.
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Figure 4.10. Ratio of kernel estimates for preterm births, 1988-2002.

It is clear that the mean of the process varies across space, with the majority of
estimates between 50 and 150 preterm births per 1000 live births. The pockets of
estimates that are greater than 200 preterm births are all areas where there was more than
one event geocoded to an identical location, divided by very few events in the
denominator. One interesting observation is that even though the underlying population
has been accounted for, much of the area encompassing ICB exhibits elevated levels of

preterm births.
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To determine if the result in figure 4.10 is significantly different from random, 99
simulations were computed under the random labeling hypothesis (see Chapter 3).
Figure 4.11 shows the result of the simulation process. After simulation, the pattern
remains similar to that in figure 4.10, however, 231 grid cells were found to be
insignificant and were removed. Significance was determined by comparing the
observed value of the grid cell to the mean value of the corresponding grid cell generated
through 99 simulations. Each of the grid cells in figure 4.11 satisfied the condition that
the observed values was greater than two standard deviations away from the mean value
of the 99 simulations. The areas closest to the Tar Ponds display levels of 50 to 150
preterm births per 1000. This pattern, while different than the results for Cape Breton
County, is similar to the other areas of ICB, both in coverage (i.e., most of the respective
administrative areas are covered by elevated estimates) and in magnitude (mostly 50 to
150 events per live births).

Figures 4.12 and 4.13 display the results for congenital anomalies. The pattern is
similar to that of preterm births, where much of ICB displays elevated levels of
anomalies per 1000 births. The ratio of kernel estimates for anomalies produced 699 grid
cells after the filters described in chapter 3 were applied. After simulation, 467 grid cells
remained (figure 4.13). There is variation present within the boundary of Sydney that
differs from the result for preterm births. In figure 4.11, there is not a clear pattern of
preterm births in that there are groups of cells in the 50 — 100 classification and the 100-
150 classification mixed throughout Sydney. In figure 4.13, there appears to be a

grouping of cells in the 100-150 classification north of the Tar Ponds in Whitney Pier.
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Figure 4.11. Statistically significant grid cells as determined through 99 simulations
for preterm births

These elevated levels are consistent throughout much of the neighbourhood. To the south
of the Tar Ponds in Ashby, the estimates are consistently lower (ranging from 50-100
anomalies per 1000 births). Further south, in Hardwood Hill and South End (southern
part of Sydney) the levels are elevated again (100-150 anomalies per 1000). In the other
communities of ICB, the predominant level of anomalies per 1000 births is between 50

and 150.

77



M.A. Thesis — P.F. DeLuca, McMaster University — School of Geography and Geology

Kilometers

/

,»:/JJ‘T [

n -
] /
-l

-1

: 55
N, A
VIS A

._\\

§ N “7~| Anomalies/1000 Births
> A\ j—\ < | [ ]10-50
P

"
Y

A \
N
| ‘~_‘
A | r}« Y
R ner ‘ e )
e S - " L‘_VI ;)'_
. f G
T A \
i : .// ) ,_\«\
5 e P 4 N \
_</ <’ ; o _\.‘// Ir\‘ /(, v "
| /VJ B v \oo
b S

[ 150-100
100 - 150
/ 150 - 200
B > 200 .
— Communities
- = of CBRM

Figure 4.12. Ratio of kernel estimates for congenital anomalies, 1988-2002.
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for congenital anomalies.
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The results for LBW and stillbirths are quite different from the previous two
outcomes both in coverage and in magnitude. This is due to the smaller numbers of
events in the numerator (n=185 and n=100 respectively). The ratio of kernels for LBW
(figure 4.14) produced 316 grid cells after the filters were applied. Approximately half of
the grid cells were found to be insignificant through simulation and were removed. This
result can be seen in figure 4.15. There are marked differences in the patterns displayed
here and for the previous two outcomes. In this case, there are very few estimates formed
in Sydney Mines and North Sydney (to the northwest). However, significant clusters can
be seen downwind from the Coke Ovens site (northeast) in New Waterford and Glace
Bay. The magnitude of the estimates have decreased in comparison to the previous two
outcomes with the mode equal to 10-20 events per 1000 live births. Within Sydney,
much of Whitney Pier does not have an estimate of LBW per 1000 live births. North
End, Hardwood Hill and parts of Ashby do experience some elevated levels of LBW.

Stillbirths are relatively rare phenomena in most western societies, so it is not
surprising that it has the lowest estimates per 1000 births. The mode of this outcome is
the same as for LBW (10 — 20 per 1000 births). Figure 4.16 displays the results for
stillbirth after simulation. Prior to simulation, 169 estimates were retained after the filters
were applied. After simulation this was reduced to 161 estimates. Since there was very
little difference between the two results, only the results after simulation are presented.
Within Sydney, there is a pocket of estimates in Whitney Pier, but the majority of
estimates occur south of the Tar Ponds in Hardwood Hill. In the other communities of

ICB, the coverage is not as great as several areas do not have any estimates.
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Figure 4.15. Statistically significant grid cells as determined through 99 simulations
for LBW
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Figure 4.16. Statistically significant grid cells as determined through 99 simulations
for stillbirths.
4.4 Discussion and Summary

Section 4.2 of this chapter presented the results of the geocoding and visualization
applied to the data to help address the first research objective:

1. To assess the spatial pattern of various types of adverse reproductive
events, plausibly linked to the environmental exposure of interest;

As described in Sections 3.4 and 4.2, a geocoding algorithm was applied to
improve the resolution of the geocodes originally supplied with the data set. 17% of all
records were correctly matched to an address from the civic address point file provided
by CBRM, resulting in the best possible resolution. The bulk of the data set (80% of all
records) was re-geocoded using a PCCF from DMTI Spatial. This value-added PCCF

provided a marked improvement over Statistics Canada’s PCCF originally used. Records
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geocoded in this fashion were now matched to the center of the postal walk rather than
the most representative block face within an enumeration area. Only 3% of all records
retained the original coordinates assigned to them through the algorithm applied at IWK
Grace Hospital (see Section 3.4). The improvement in the geocoding is most noticeable
in the visualization stage (Section 4.2.2), but is critical for all stages of the analysis as
illustrated by Burra et al. (2002).

Although there was improvement in the positional information, there were still
errors present in the geocoding that may have had an impact on the results. While Dodds
and Seviour (2001) highlight that the Atlee Database is of good quality and contains
reliable data, there are still errors that cannot be controlled for. For example, as
highlighted in table 3.1, some of the methods used to geocode could not be improved
upon. Any record with a value of 0, 7,8,9 or 10 lacked sufficient information for the
geocoding process. These codes corresponded to records with missing postal codes or
missing addresses. At best, these records had a place name such as Marion Bridge or
Point Aconi and were geocoded to their respective place name with no possibility for
improvement. These types of records are included in the 539 records where original
coordinates were retained and represent less than 3% of the remaining records (see table
4.1). Secondly, any postal codes classed as rural (coded with an 11 in table 3.1) have
little room for improvement by geocoding with a PCCF. Records with this type of postal
code were all geocoded to a unique location per postal code. A good example of this is
Marion Bridge (directly south of Sydney; the area can be seen in Figure 4.16 as a heavily

clustered area toward the bottom of the map) where approximately 450 records are
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geocoded to the same location since it is serviced by a postal outlet. Unless more
detailed address information was provided no improvement could be achieved.

The majority of records were either address matched or geocoded using the PCCF
from DMTI Spatial. Due to temporal constraints during the data acquisition, any records
that had detailed address information but did not match the civic address point file (e.g.
spelling mistakes, incorrect road type etc.) were geocoded with the PCCF. This could be
improved upon by going through the database record-by-record and correcting the
various mistakes. The improvement offered however, is uncertain given the spatial scale
of the analysis and the fact that the spatial referencing offered from DMTI is correct
within 50 meters in urban areas, and is a subject of further research.

Section 4.3 describes the exploratory spatial analysis carried out to help address
the first two objectives. The bivariate K-function proposed by Diggle and Chetwynd
(1991) proved to be useful in detecting significant clustering at some spatial lags for
preterm births in the first two temporal sub-sets. Results for the full time period
demonstrated a weak tendency to cluster but failed to produce statistically significant
results. Table 4.2 summarizes the results of the other outcomes including the temporal
subsets. There are some instances where the empirical statistic straddles the line of no
difference between the cases and the controls. At some spatial lags, there may be a weak
indication of clustering, while at other lags there may be weak repulsion. This table

presents the dominant result of each graph

83



M.A. Thesis — P.F. DeLuca, McMaster University — School of Geography and Geology

Table 4.2. Results of the bivariate K-function for all outcomes.

Outcome
Year Preterm Anomalies LBW Stillbirths
1988-2002 Weak Weak Weak Weak
Clustering Clustering  Clustering Clustering
1988-1992 Clustering* Weak Weak n/a
Repulsion Clustering
1993-1997 Clustering®* Weak Weak n/a
Clustering  Clustering
1998-2002 Weak Weak Weak n/a
Repulsion Clustering  Repulsion

* indicates statistical significance at some spatial lags as determined through Monte Carlo simulation

The majority of the results indicate weak clustering (i.e., positive values of the
test statistic, but insignificant). In three cases there was weak repulsion (preterm births
and LBW for the 1998-2002 temporal subset and anomalies for the 1988-1992 subset).
Two cases showed significant clustering at some spatial scales (preterm births for the first
two temporal subsets). An analysis for stillbirths was conducted only for the full time
period due to the small number of cases and failed to produce significant results.

The bivariate K-Function is used to address whether the cases are more clustered
than the controls across CBRM. In this case, it is evident that only preterm births yield a
significant result. Perhaps, not so coincidentally, the only reproductive outcome to yield
any significant results in Burra (2002) was preterm births.

Dolk et al. (1998b) applied Diggle and Chetwynd’s (1991) statistic to cases of

anophthalmia and microphthalmia in England (1988-1994). They found that the test
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failed to produce statistically significant results on a national level. They also performed
the analysis on a subset of data, but in this case the subsets were defined spatially rather
than temporally (the two however are analogous). They found the statistic exhibited
clusters within 2 Km of an index case in Trent and within 50 Km of an index case in
Oxford. This finding parallels the results in this study where the analysis produced
muted results for the full data set but yielded some significant findings (for preterm
births) in two different time periods.

Apart from the problems in geocoding mentioned previously, a source of error in
this method may have been in the selection of controls. Cuzick (1998) states the
importance of properly accounting for the variation in the underlying population. He
suggests that the complete population can be used when available but when the scale is
very small it is more accurate to use a sampling scheme for selecting controls. In this
case, the scale of analysis is relatively large, so as a test, the statistic was calculated for
congenital anomalies using the entire collection of normal births as the control
population. The result of this test (after 24 hours of calculations) was virtually identical
to the statistic calculated using the controls selected in the manner described in chapter 3
and advocated by Gatrell (2002).

A second issue with this method raised by Cuzick (1998) is how to define
closeness. Diggle and Chetwynd (1991) extend the K-function to deal with a bivariate
point pattern. The root of their statistic is the K-function, where discrete bands of fixed
distances were created, and events within each distance band were counted. Reader

(2000) points out that this is a form of aggregation and data loss, since it does not matter
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where within the distance band an arbitrary event lies in relation to the index case.
Although this is unavoidable, it is currently the best practice for point pattern analysis
since it measures spatial dependency on a wide range of scales (Reader, 2000).

The results described in section 4.3.2 dealt with the next logical step in the
analysis; clustering on a local scale. Although the analysis on a global scale produced
very few significant results, it was still useful to examine clustering on a local level. This
is analogous to the situation where a global indicator of spatial autocorrelation, such as
Moran’s I, fails to produce a significant result, but the local form of the statistic yields
significant areas within the dataset.

The results presented in section 4.3.2 build off the work of Reader (2001) and
Rushton and Lolonis (1996) where a grid was used to generate estimates of negative
outcomes that vary continuously through space. A further similarity is the use of the
random labeling hypothesis within a Monte Carlo simulation framework for inference
across the three studies. Similar to Reader (2001), kernels rather than simple rate
calculations (as in Rushton and Lolonis, 1996) provided the mode of estimation. Unlike
Reader (2001) a ratio of kernel estimates was applied to the data in an attempt to correct
for the underlying population density. Reader (2001) was interested in identifying
clusters of high rates of incidence of LBW. Under the random labeling hypothesis, he
applied a basic kernel estimate with a 4 km bandwidth and found significant clusters in
several parts of central Florida and the Miami area. Although the Monte Carlo techniques
to determine significance are an improvement over the basic kernel estimate, it still

provides the number of events per unit area. This still suffers from the fact that each point
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pattern randomly selected for the simulations are driven by the underlying density of
births. The results produced in this research on the other hand, produce an estimate of the
number of events per 1000 births, thereby correcting for the underlying population.

When comparing the results to the provincial and national rates, some interesting
pictures appear. Table 4.3 presents the rates of various reproductive outcomes per 1000
for Nova Scotia and for Canada (modified after Burra, 2002). Table 4.4 presents the
prevalence rates of the outcomes for the 15 year time period, as calculated from the Atlee
Perinatal database for the areas of ICB plus Louisbourg and the rest of Cape Breton
County. As in Burra (2002), the time lines do not perfectly match, however, some
interesting findings still emerge. Each of the figures depicting results for the ratios of
kernel estimates demonstrate local pockets that have reliable estimates that are higher
than both the provincial and national rate. In particular, for congenital anomalies, the
provincial rate is 23 per 1000 births, the prevalence for Sydney is 49.23 per 1000 (from
Table 4.4), while the mode of the kernel estimates within Sydney’s boundaries (figure
4.13) is 50-100 events per 1000. For preterm births, the provincial rate is 58 per 1000
live births, while the prevalence from the Atlee database over the 15 year time period is
94.87/1000 for Sydney. Figure 4.11 shows several estimates within 50-100 events per
1000 as well as several estimates above the provincial rate in the 100-150 events per
1000 range. The results of the kernel ratios for Glace Bay produce similar estimates to
those for Sydney for all outcomes, while the other parts of ICB are generally lower, and
the remainder of CBRM has minimal grid cell estimates and lower prevalence rates than

Sydney for all of the outcomes (Table 4.4).
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Table 4.3. Prevalence of pregnancy outcomes in Nova Scotia and Canada (after
Burra, 2002)

Pregnancy Nova Scotia Canada Source(s)

Outcome Rate/1000 Rate/1000

Preterm birth 58 (1988-98) 70 (1991-2000)* Dodds and Seviour, 2001
Health Canada, 2000

Congenital 23 (1988-98) Not Available Dodds and Seviour, 2001

Anomalies

Low Birth 54 (1979-99) 56 (1987-94) Joseph and Kramer, 1997

Weight NSRCP, 2000

Stillbirth 2.6 (1988-98) 4.6 (1985-99)*  Health Canada, 2000
NSRCP, 2000

* excluding data for Newfoundland and Ontario due to missing data and data quality issues respectively

Table 4.4 Prevalence rates per 1000 of reproductive outcomes as calculated from the
Atlee Perinatal Database.

Location Preterm Congenital Low Birth  Stillbirth
Birth Anomalies Weight
Sydney 94.87 49.23 11.20 7.10
Sydney Mines 90.73 39.90 7.78 7.08
North Sydney 77.53 45.89 6.10 6.06
New Waterford 92.23 47.46 14.52 7.63
Dominion 95.96 30.30 15.15 0.00
Glace Bay 101.06 52.59 13.03 4.21
Louisbourg 86.46 43.23 5.76 0.00
Cape Breton County 87.00 46.98 9.65 522

(remainder of County)

TOTAL 91.41 47.31 10.54 5.67
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The selection of the bandwidths for the numerator and the denominator were
based on experimentation. A bandwidth of 1 km was decided upon for both the
numerator and the denominator. Gatrell et al. (1996) suggest that it is not necessary to
have the same bandwidth for the numerator and the denominator. They even suggest
increasing the bandwidth of the denominator several fold over the numerator in order to
adequately smooth out the estimate. This is preferable in instances where proxies for the
underlying population are used as in Buliung and DeLuca (2000). Since this research
was based on a marked point pattern representing the full enumeration of events, this was
not necessary. The ramifications of using a fixed bandwidth of 1 km are that some of the
grid cells in rural areas outside of ICB need to be interpreted with caution. In some
instances, there was an isolated event, and that event happened to be negative. The
resulting ratio would be unity, affecting not only the grid cell closest to the event but also
all adjacent grid cells since a weighting scheme is applied to all events within 1 km.
Cases such as these, would not be corrected for in the simulation process, since the odds
of that event being selected enough times to eventually render it insignificant are virtually
nil. Adaptive bandwidths were also attempted as a way to address the spurious clusters in
" the rural areas and on the perimeter of the urban areas. These were attempted in the
exploratory phases of this research, but not applied since some of the outcomes had small
numbers for the numerator. Additionally, the errors in geocoding would have in some
cases yielded even more unreasonable estimates.

The spatial component of this research was useful in that on one hand, it helped to

confirm the findings of Dodds and Seviour (2001), where they found a slight increase in
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congenital anomalies in Sydney versus the region. On the other hand, it extended their
work by pinpointing areas within not only Sydney, but the remainder of ICB that are
elevated over the background rate, not only for congenital anomalies, but for all of the
outcomes under study. Analyzing the data using these methods are powerful since they
do not rely on administrative units as most traditional epidemiological studies do
(Rushton, 2003). In fact Dunn et al. (2003) point out that the types of methods applied in
this research are complementary to epidemiological studies and advocate the use of point
pattern analysis in studies dealing with spatially referenced public health data.

The methods applied in this chapter were chosen to address the first research
objective. In addressing the first objective, the results of the bivariate K-function
demonstrate that for preterm births, there is clustering at some spatial lags on a global
scale. The kernels indicate that the spatial pattern of adverse reproductive outcomes is
not random, especially for preterm births and congenital anomalies since all of the
Sydney and the majority of ICB have elevated estimates of these outcomes per 1000
births. The results for LBW and stillbirth are also non-random however the pattern is not
as dominant as it is for preterm births and congenital anomalies.

The second objective was to determine if the spatial pattern is related to proximity
to the Tar Ponds/Coke Ovens Site. There is not enough evidence to suggest this from a
purely spatial perspective, since the areas closest to the Tar Ponds show similar patterns
to those quite some distance away. There is nothing unique about the intensity of the

events around the Tar Ponds.
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In order to better address the second objective, multivariate methods were applied
to the data. One of the hypotheses to be tested is the significance of proximity to the Tar
Ponds. Proximity is measured in two ways, first through zones around the point source
as in Bhopal et al. (1999) and second, measuring proximity through a continuous variable
from a reproductive event to the Tar Ponds. In addition to distance, several other
covariates will be tested in a MNL model in order to control for known factors that have

been previously associated with any of the adverse outcomes under study.
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CHAPTER FIVE
MULTIVARIATE ANALYSIS OF ADVERSE REPRODUCTIVE OUTCOMES

5.1 Imtroduction

This chapter presents the results of the multivariate analysis of the Atlee Perinatal
Database. In the previous chapter, exploratory spatial data analysis was employed to
address the first research objective. The spatial measures, however, were not sufficient to
address the second question and the multivariate methods in this chapter may prove
helpful in that regard. With that in mind, the methods of this chapter have been used to
address the second research objective:

ii. To determine if the pattern of adverse outcomes is related to proximity to
the Tar Ponds/Coke Ovens site

With respect to this objective, bivariate methods incorporating various indicators of
proximity to the Tar Ponds were tested to determine if the patterns observed in chapter
four are related to proximity to the Tar Ponds. Additional covariates were included in the
modeling to control for factors such as smoking, marital status, pregnancy history and

other pregnancy-related measures (see Appendix V for variable definitions).

5.2  Descriptive Analyses of Adverse Reproductive Qutcomes

Table 4.4 in the previous chapter presented the prevalence rates for each of the
outcomes under study for the entire study period (1988-2002). The prevalence of preterm
births in Sydney was about 9.5% of all live births during that time. By comparison,
Dodds and Seviour (2001) found the prevalence of preterm births to be 6.6% for 1988-

1998 within Sydney. The increase observed with the addition of the years 1999-2002 is
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consistent with the findings of Health Canada (2003), where preterm births continued to
steadily rise with each passing year. The Canadian prevalence rate of preterm births in
1991 was 6.6% and continued to rise each year reaching 7.6% by 2000. When comparing
Sydney to Canada and to Nova Scotia (Table 4.3), it can be seen that the prevalence is
higher in Sydney. Interestingly, the remainder of ICB and CBRM show higher
prevalence rates of preterm birth than the province and Canada also, with Glace Bay
having the highest at approximately 10%. In another study, Yang et al., (2002) found the
prevalence of preterm birth in areas exposed to petrochemical industries to be
significantly higher (p < 0.05) than those in non-exposed areas (5.13% versus 4.46%).
Approximately 5% of all births in Sydney during the study period were associated
with congenital anomalies. This was greater than the figures reported by Dodds and
Seviour (2001) for Nova Scotia (2.3%), Sydney (2.8%) and Cape Breton County
excluding Sydney (2.3%). It is also higher than the expected frequency of 2-3% of all
births described by Bloom (1981) for studies of populations exposed to reproductive
hazards. In fact, all places in ICB except for Dominion have higher prevalence rates of
congenital anomalies. These elevated figures may be explained by the manner in which
births were coded as congenital anomalies (see chapter 3). For this study, all anomalies
were grouped together into one variable whereas Dodds and Seviour (2001) have
examined major anomalies and several sub-categories of anomalies. In other studies,
Bhopal et al (1999) found the prevalence of major congenital anomalies to be 1.6% in
close proximity to steel industries in Teeside, UK, while Elliott et al (2001) found the

prevalence of all congenital anomalies to be 1.7% in close proximity to landfill sites.
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Fielder et al (2000) on the other hand found the prevalence of all reported congenital
anomalies to range between 1 and 6% for women living in areas with landfills accepting
hazardous materials.

The prevalence of LBW babies was considerably lower for Sydney in this data set
(about 1.05%) compared to the 5.6% reported by Dodds and Seviour (2001). In addition,
the observed value in this study is below the values indicated by Bloom (1981) for
populations exposed to reproductive hazards (7% of all live births). The reason for this
difference is explained by the coding of the outcomes (Chapter 3). The prevalence of
LBW in this case is controlled for congenital anomalies, preterm births and stillbirths
(i.e., they were forced into mutually exclusive categories, so if a newborn was preterm
and LBW, it was coded as preterm). This is not the case in Dodds and Seviour (2001)
since they control for major anomalies, but not gestational age. In other words, Dodds
and Seviour (2001) make no distinction between preterm LBW and term LBW as in this
study. In other studies, Tough et al (2001) found the prevalence of LBW to be 6.4% of
all live births in Alberta. Elliott et al (2001) found the prevalence of LBW to be 6.4 for
women living near landfills, while Bhopal et al (1999) found the prevalence of LBW to
increase as one moved from the most proximate zone to industry (7.8%) to the most
distant zone (8.7%).

The rate of stillbirth in Sydney was 0.71% for the period 1988-2002. This is well
below the rate of two to four per cent of all births described by Bloom (1981) for
populations exposed to reproductive hazards. The remainder of ICB is also well below

this rate (see Table 4.4). However, when compared to the rates published by Health
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Canada (2003), it is evident that Sydney is more than double the Provincial rate of 0.26%
and also greater than the National rate (0.46%). Interestingly, Glace Bay, which is
amongst the highest in terms of prevalence for all other categories in ICB, is amongst the
lowest for stillbirths at 0.42%. Bhopal et al (1999) found the prevalence of stillbirths in
areas close to steel mills to be 0.5%. Elliott et al (2001) also found a similar prevalence

of stillbirths that occurred in close proximity to landfill sites in the UK (0.51%).

5.3  Results of Bivariate Analysis

To help address objective ii, contingency analysis was conducted with each of the
outcomes under study and various measures of proximity to the Coke Ovens site. This
was done to determine if there was a higher risk of adverse reproductive outcome
associated with more proximal distances to the point source of pollution. A GIS was
used to create a buffer zone consisting of three concentric rings of a one-kilometer radius
each around the point source as in Bhopal et al (1999) (i.e., from 0 to 1 km from the coke
ovens, from 1 — 2 km and from 2 — 3 km). In addition, observations were grouped
geographically into three zones for the purposes of comparison; Sydney, all of ICB
excluding Sydney, and the remainder of CBRM. This was done in a similar fashion to
Guernsey et al (2000). The results of this analysis are presented in Table 5.1. For the
distance-based zones, there was a clear gradient of decreasing ORs with increasing
distance away from the Coke Ovens site demonstrated only for stillbirths, however, the
ORs were not statistically significant at any of the distances due to small numbers of
events occurring within each zone. For preterm births, where the greatest odds occurred

in the zone 2-3 kilometers away from the Coke Ovens site (OR = 1.23 (95% CI: 1.02 —
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Table 5.1. Odds ratios derived from contingency analyses of adverse reproductive outcomes and proximity to the Coke

Ovens site.

DISTANCE-
BASED COMMUNITY-
MEASURES BASED
0-1Km 1-2Km 2-3Km 0-3Km Sydney ICB minus Sydney| Rest of CBRM
OUTCOME (n=399) (n=1779) (n=1327) (n=3505) (n=3902) (n=6187) (n=5711)
Preterm Birth
% Preterm 9.0 9.9 10.6 10.0 9.50 9.10 8.20
p-value* 0.93 0.12 0.03 0.0t 0.11 0.46 0.03
Odds Ratio (95% CI) | 1.02 (0.72-1.44) | 1.14 (0.97-1.35) | 1.23(1.02-1.48) | 1.19(1.05-1.35) | 1.11 (0.98-1.26) | 1.04 (0.93-1.17) | 0.88 (0.78 - 0.99)
Number of Cases 36 176 140 352 372 563 470
Congenital Anomaly
% Anomaly 6.3 42 5.1 4.8 5.2 4.8 4.6
p-value* 0.17 0.17 0.59 0.86 0.23 0.86 0.38
Odds Ratio (95% CI) | 1.33 (0.88 -2.01) | 0.84 (0.66 - 1.08) | 1.07 (0.83-1.39) | 0.98 (0.83-1.17) | 1.11 (0.94 - 1.30) | 0.99 (0.85-1.15) | 0.93 (0.80 - 1.09)
Number of Cases 25 74 68 167 202 296 264
Low Birthweight
% < 2500g 1.3 1.0 1.3 1.1 1.1 1.1 0.9
p-value* 0.67 0.95 0.33 0.44 0.47 0.46 0.16
Odds Ratio (95% CI) | 1.23 (0.50-3.02) | 0.99 (0.60 - 1.61) | 1.28 (0.77 -2.13) } 1.15(0.80- 1.65) | 1.14(0.80-1.61) | 1.13(0.82-1.54) | 0.79 (0.56 - 1.10)
[Number of Cases 5 18 17 40 44 68 50
Stillbirth
% stillborn 1.0 0.7 0.2 0.5 0.6 0.5 0.4
p-value* 0.16 0.29 0.13 0.74 0.27 0.88 0.25
Odds Ratio (95% CI) | 2.04 (0.74 - 5.61) | 1.39 (0.75-2.58) | 0.42 (0.13 - 1.34) | 1.09 (0.65 - 1.83) | 1.31 (0.81-2.11) | 1.04 (0.66 - 1.62) | 0.76 (0.47 - 1.22)
[Number of Cases 4 12 3 19 24 32 24

* p-value determined from a Chi-squared test
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1.48)). This was the only statistically significant relationship for any of the outcomes and
the three concentric zones. The sum of the zones was also examined (i.e., from 0 — 3
kilometers) yielding a statistically significant relationship with preterm births (OR = 1.19
(95% CIL: 1.05 - 1.35)).

The results of the contingency analysis for place of residence and an adverse
outcome produced an interesting pattern. They show that Sydney always had the highest
odds ratio for each outcome, followed by ICB excluding Sydney, and finally the
remainder of CBRM had the lowest odds of having an adverse outcome (Table 5.1).
However, the only statistically significant result from this cross-tabulation was for
preterm births, where the odds of having an adverse event are significantly lower in the
more rural areas of the county.

Proximity was also examined using the distance to the 